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PREFACE. 



In order to facilitate the calculation attending the construc- 
tion of Wrought Iron and Steel Riveted Girders, the author 
has endeavored in this work to supply the link which separates 
Theory from Practice. Its object may be briefly stated. A 
riveted girder is to be designed ; the span, depth, and loads are 
known, the strains are calculated by the well-known bending, 
moment formulae, and largely by the graphic method ; lastly, 
the details of construction are fully illustrated. 

Touching the question of accuracy, it is scarcely necessary 
to notice the slight difference that may arise between the two 
methods, i.e., working out the usual formulae, or by measuring 
from the graphic diagrams. The time consumed in wading 
through a complicated series of equations to reach a few meas- 
urements is objectionable when at least such measurements 
can at once be had by the graphic method. 

This work does not investigate exceptional or extremely 
scientific riveted girders, but more especially those of a type 
now extensively adopted and constructed by well-known archi- 
tectural iron workers. 

The diagrams and the various examples explaining the 
Author's method are submitted to architects and architectural 
students with the hope that they will become a medium of use- 
fulness to them in the routine of office work. 

William H. Birkmire. 

New York, 1893. 
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PART I. 



7W^ STRAINS IN COMPOUND RIVETED GIRDERS. 



For buildings, as well as railway and highway bridges, there 
is probably no other form of girders more extensively used 
than those made up of plates and angles, called Compound 
Riveted Girders. 

Some of the principal reasons for this lies mainly in the 
simplicity of their construction ; they can be adopted for any 
load or number of loads, and accommodated to any span 
usually met with in the construction. 

The single web or plate girder is more economical, more 
accessible for painting and inspection. Formed of a single web 
and four angles, as Fig. i, suitable for light loads and short 
spans ; for heavier loads a single plate is added to the top 
and bottom flanges, as shown in Fig. 2 ; for still heavier loads 
additional plates, as in Fig. 3. 







Fig. t. 



Pig. a. 



Fig. 3. 



Fig. 4. 



Fig. 5. 



Where thick walls are to be supported and lateral stiffness 
is required, the double web or box girder. Fig. 4, or the triple 
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2 COMPOVND RIVETED GIRDERS, 

web, Fig. 5, is employed. It also becomes necessary in manv 
cases to place two plate or two box girders side by side. 

The box girders as represented in^section, Fig. 4, is consid- 
ered superior to the plate girders represented in Figs, i, 2, and 

3 ; but the preference should be given the latter on account 
of its simplicity of construction, and although inferior in 
strength to the box girder it has nevertheless other valuable 
properties to recommend it. 

On comparing the strengths of these separate girders, weight 
for weight, it will be found that the box girder is as i to .93, 
or nearly as 100 to 90. The difference in strength does not 
arise from want of proportion in the top and bottom section 
of either girder, but from the position of the material ; which 
in that of the box girder offers greatly superior powers of re- 
sistance to lateral flexure. The box girder, it will be observed, 
contains latter exterior sectional area, and is consequently 
stiffer and better calculated to resist lateral stress, in which 
direction the plate girder generally yields before its other re- 
sisting powers of tension and compression can be brought fully 
into action. Taking this girder, however, in a position similar 
to that in which it is used in supporting floor-beams and floor- 
arches of buildings, its strength is very nearly equal to that of 
the box shape, and, as previously mentioned, is of more simple 
construction, less expensive, and more durable, from the cir- 
cumstance that the web-plate is thicker than the web-plates 
of the box girder, and it admits of easy access to all its parts 
for purposes of painting, etc. 

Bending Moments. — Generally, the strength of a com- 
pound riveted girder is founded on the equality that must 
always exist between the resultant of the various loads tending 
to cause its rupture and the strength of the material of which 
the girder is composed. The former may be resolved horizon- 
tally into strains, depending for their value upon what are 
known as moments of rupture^ bending moments^ or leverage^ of 
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greater or less complexity, tending to cause the failure of the 
girder by tearing asunder its fibres in the bottom flange, crush- 
ing them together in the top flange, and vertically upon the 
web into what are known as shearing forces, due to the trans- 
mission of the vertical pressure of the loads to the points of 
support. 

The strain produced in the flanges is resisted by a leverage 
equal to the depth of the girder, that is,. between the centre of 
gravity of the flanges, and the amount per square inch of sec- 
tion with which the metal may be safely trusted. 
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Fig. 6. 



The bending moment is a compound quantity resulting 
from the multiplication of a force by a distance, and desig- 
nated by the letter M. The forces are expressed in tons or 
pounds, and the distances in feet or inches ; then the bending 
moments are in ton-feet or pound-inches. 
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Fig. 7. 

lib or a is the arm of leverage, Fig. 6, and a load R or R' 
acts for a distance from W, M 3it W is equal to the load R 
or R' multiplied by the distance b or a. 

Then M ^ Rb or R'a. 

The direction of the stresses upon the girder are vertical, 
those at the ends being downwards, while that at the middle is 
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upwards. In Fig. 7 we have a girder supported at both ends, 
and a load W resting upon the middle of its length. Compar- 
ing this with Fig. 6, we see that the stresses here are also verti- 
cal,* but in reversed order, the one at the middle being 
downwards, while those at the end are upwards. In other re- 
spects we have the same conditions as in Fig. 6. 

M does not represent strain, being independent of depths 
but is converted into flange strain by dividing by the 
depth ; the strain then found, divided by the maximum unit 
strain, determines the number of square inches to be given to 
the flanges. 

The maximum unit strain herein adopted is 6 tons (12,000 
pounds) per square inch for wrought-iron and 7 tons (14,000 
pounds) for steel. 

Here -/I = Area of flange d = depth in feet, s = unit strain 
in tons, and M = bending moment. Then 

ds 

Flanges. —Compound girders are unlike rolled beams, in 
which every fibre is connected ; but have strains transmitted 
only through rivets which are distributed only at certain dis- 
tances apart ; consequently the flange angles are at every point 
more or less subjected to strains in addition to their own. 
This additional strain will evidently increase with the amount 
of plates. It is good practice, therefore, to make the girder so 
deep that the flanges do not require a number of plates to be 
packed one upon another, and then to choose angles as heavy 
as possible consistent with the total flange area required. 

* '* We have to distinguish between the outer forces which may act at various 
portions of the girder tending to cause motion of its parts, and the inner forces 
which prevent this motion. The first we may call stresses, and the second 
strains. We therefore speak of the ' stresses ' upon a girder and the ' strains ' 
in a girder." 
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In order to give the single-web girders the greatest amount 
of resistance, it is usual to use angles with unequal legs with 
the longer leg horizontal. 

It sometimes becomes important to have the plates of the 
top flange extend from end to end, even when angles may be 
found which alone are sufficient to make up the required sec- 
tion, as it gives great lateral stiffness to the flange, and also 
helps to distribute the stress more uniformly than with the 
angles alone. 

In box girders the flange plate adjoining the angles are 
required to extend from end to end. 

In making up the bottom flange, rivet-holes must be de- 
ducted to obtain the net section, and in so doing the diameter 
of the rivet-hole should be taken at least J inch larger ; this 
latter provides to a certain extent for the damage done to the 
strength of the 'metal in the process of punching or drilling. 

For the top flange the gross sectional area may be taken 
as making up the same, providing the riveting is well done, 
i.e., the rivet completely filling up its own hole. 

Shearing Forces on the Webs.— It is by the law of the 
lever that we are enabled to determine precisely what portion 
of a given load resting upon a girder is sustained by either 
point of support ; the loads balancing each other at either end 
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Fig. 8. 

of a girder, or lever, on any point are to each other inversely 
as their distances (called lever arms) from the point or ful- 
crum. 

For example: suppose we have a girder held up as in 
Fig. 8, with a load at either end, the point of support being to 
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one side of the centre, say one-fourth of the lever arm from one 
end. In order that the lever be balanced, the load at W must 
be one-fourth the sum of ff^and W\ and that at W three- 
fourths that sum, for W multiplied by \L must always equal 
ff^ multiplied by \L^ and the sustaining force P must of course 
equal the sum of ff^and W\ 

Again : supposing that there is one load as in Fig. 9. This 




condition is the same as before, only reversed ; and, according 
to the law of the lever, we find that for equilibrium a force must 
be applied to R equal to J W, This example is precisely the 
same as that of a girder, only R and K are now called reactions 
of the supports, the sum of which must always be equal to the 
load or number of loads causing them. 

In order, then, to know just how much of the load or num- 
ber of loads at any point of the girder is supported by either 
support, all that is necessary to be done is to multiply the 
shorter or longer distance by the load and divide the product 
by the span Z. 
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Fig. 10. 



Example : Suppose we have a girder R and R\ Fig. 10, of 25 
feet span, and there is a load of 20 tons 5 feet from K , Then 
^ach sustains a certain amount of this load proportionately to 
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its distance from the load, the sum of the reactions being equal 
to the load, 

20 X 5 
R supports — = 4 tons ; 

20 X 2 
Ri « — 16 tons. 

25 

The most practical way of proportioning the web is then 
to make its section sufficient to resist this entire shearing force 
at either end of the girder. Under the supposition that the 
flanges alone resist the entire bending moment, and the web 
only the shearing action, the following formula can be 
adopted : 

Let 5 = shearing stress ; 

A = area at point of stress ; 

K = effective resistance to shearing ; 

^ = thickness of web ; 

d = depth of web in inches. 

5 
A r=.td and 5 = ktd^ or ^ = -— -, 

aK 

The safe shear on the webs per square inch herein adopted 
is 6000 lbs. for wrought-iron and 7000 lbs. for steel. 

Example. — Suppose we take the above wrought-iron plate 
girder, Fig. lO, and have 16 tons (32,000 lbs.) shear on the 
web at K support, the web being 12 inches in depth. 

/ = — = — - — > = .44 — ^more than tV of an inch in 

dk 12x6000 ^" 

thickness. 

Buckling of Web. — The web is still in danger of buckling 

under this compression stress ; consequently the web with its 

thickness as already proportioned for shearing must now be 

examined for its strength as a column. The depth being the 

vertical distance between the upper and lower rows of rivets in 



i 



8 COMPOUND RIVETED GIRDERS, 

the web (but to facilitate the calculation the height will be 
taken the full depth of web). This condition is attained when 
the shear per square inch of cross-section at any point 
does not exceed 

lOOOO 

The safe resistance to buckling per square inch = ^j— , 



when d and / are the depth and thickness of web in inches. 

StifTeners. — If the result obtained by the above formula is 
less than that adopted by our safe shear, vertical angles or 
stiffeners are riveted each side of the web at intervals. They 
should always be used at the bearings and where concentrated 
loads occur. 

The spacing of stiffeners is more a matter of experimental 
judgment than of mere calculation. Of several rules given by 
engineers, one is, "that stiffeners in'girders over three feet in 
depth shall be placed at distances apart (centre to centre) 
generally not exceeding the depth of the full web-plate, with 
the maximum limit of 5 feet." 

In girders under 3 feet in depth stiffeners may be placed 
3 feet apart, and in some special cases where there is little or 
no shearing, at greater distances. This refers, of course, to 
those parts of the girders where there are no concentrated loads. 

Another rule worthy of notice says " that when the least 
thickness of web is less than ^ the depth of the girder, the 
web shall be stiffened at intervals not over twice the depth." 

Riveting. — The rivets in girder work are generally the 
same size as those adopted for boiler work, i.e., }", f", and i" 
in diameter; but as girders do not require caulking like a boiler, 
the pitch or distance of rivets from centre to centre is much 
greater, and usually varies from 2\ diameters to 16 times the 
thickness of the outside plate joined. By diameters is under- 
stood the diameter of the shank. When the edges of the plate 
are often roughly shorn, the margin, or distance between the 
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rivet-hole and edge of the plate, is seldom less than i J times the 
diameter of the rivet. As the effect of punching is to weaken 
the plate some distance all round the punched hole, the 
above proportions should be adopted. 

Nearly all experimenters on the subject agree that punch- 
ing generally reduces the tenacity of iron and steel plates to a 
greater degree than the area of the metal punched out, and a 
close examination of the border of each hole shows that it has 
been subject to a certain degree of rupture, which in most cases 
has reduced the ductility of the metal and made it wholly 
crystalline in fracture, and as some may suppose caused cracks 
round the edge of the hole ; but this latter seems doubtful, as 
Mr. Gerhard (see Experiments in Stoney's Riveted Joints) 
instituted an investigation as to whether there was any founda- 
tion for the very generally received opinion that the edges of 
a punched hole on the die side are injured by a ring of minute 
incipient cracks. For this purpose a large number of specimens 
5 inches by 3 inches by J inch of all kinds of steel were pre- 
pared. The edges were planed, the surfaces polished, holes 
were pierced in various ways, and the metal surrounding them 
was carefully examined with a microscope, but no trace what^r 
ever of cracks was found, though the nature of the steel 
ranged from o.i to 0.6 per cent of carbon. Owing to its hard^ 
ness and inability to stretch, this annulus of strained material 
round the punched holes, when the specimen is under tension, 
takes a higher proportion of the stress than the other more 
yielding parts, and hence it reaches the breaking point sooner, 
that is, the punched plate breaks in detail : first the annulus 
gives way, and then the more ductile portion between the 
holes. Reaming or boring out a zone of metal J inch wide 
round the punched hole removes the annulus of strained ma- 
terial and neutralizes the effect of punching. In numerous 
experiments on the subject the loss -of tenacity in iron plates 
from punching varies from 5 to 23 per cent of the original 
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strength of the solid plate, but the percentage in any particular 
case will doubtless depend (ist) on the diameter of the holes; 
(2d) on the pitch ; (3d) on the width of the strip punched, for 
wide plates are apparently less injured than narrow strips ; 
(4th) on the condition of the punching tool — i.e., the sharpness 
of its cutting edges — and the maintenance of the proportion oi 
size between the punch and the die ; (5th) on the quality and 
thickness of the metal, hard iron generally suffering more than 
ductile iron, and thin plates less than thick ones. Probably 
the most accurate method for making an allowance for the in- 
jurious effect of punching is to allow a certain percentage when 
calculating the effective net area of a punched plate, and, as 
heretofore mentioned under Flanges, page 5, J of an inch more 
than the diameter of the rivet is adopted. 

Friction of Plates. — Rivets contract in cooling and draw 
the plates together with such force that the friction produced 
between their surfaces is generally sufficient to prevent them 
from sliding over each other so long as the stress lies within 
limits which are not exceeded in ordinary practice. 

The friction of plates is an important factor in boiler work ; 
and as it is usual, to test them hydraulically, to double their 
working pressure, the joints are so designed that this water 
test, as well as the expansion and contraction due to changes 
in temperature, will not cause the joints to slip. Though the 
friction of riveted plates may be sufficient to convey the normal 
working load without subjecting the rivets to a shearing stress, 
it does not follow, nor do experiments indicate, that the ultimate 
strength of a riveted joint is increased by this friction. 

When several plates are riveted together with numerous 
rivets, as in the piled flanges of a girder, the slipping of plates 
does not seem to have occurred in Mr. Baker's experiments, for 
with two wrought-iron girders with 5 and 8 plates, respectively, 
in their flanges, each 20 feet span and 2 feet in depth, which he 
tested to failure, there was no movement in the flanges, and 
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the pile of plates behaved almost like a welded mass of iron, 
and Mr. Baker states " that he invariably found that badly 
punched girders, with the holes partly blind and the rivets 
tight but not filling the holes, deflected neither more nor less 
than the most accurately drilled work.'* 

Whatever value may justly be attached to the above, an 
inspection of the riveted joint when being tested to destruction 
dispels all idea of the ultimate stress being in any degree 
affected by it ; for when the stress is considerable, the joints 
open at each end of the plates, and the higher the stress the 
greater the amount of opening is observed. Under such condi- 
tions it is not customary to take into consideration the friction 
of the joints. 

Proportioning Rivets. — Rivets, as used for girders, must 
be proportioned to resist shearing, and the area of their bearing 
must be such that the metal against which they bear shall not 
be crushed. The stresses allowed on these members are : shear- 
ii^gj 7500 to 9000 pounds, and crushing, 15,000 pounds per 
square inch. 

The shearing strain is measured on the area of the cross- 
section of the rivet ; the crushing, on the area obtained by the 
product of the diameter of the rivet by the thickness of the 
web or plate upon which it bears. 

To illustrate the shearing and bearing area of a rivet, we 
take for example two plates of wrought-iron 8 inches wide by 
•J inch thick, which overlap each other for a joint, with 45,000 
pounds strain on the plates ; what number of rivets will be re- 
quired to resist the strain on the joint ? 

The area of a rivet f of an inch in diameter is 0.4417 square 
inches; this multiplied by 7500 pounds, the safe shearing, = 
3312.75 pounds, the safe amount of strain each rivet can sus- 
tain without shearing; dividing 45,000 by this, we get 13.6, say 
14 rivets, as shown in single shear^ Fig. 11. If constructed as 
shown in Fig. 12, as in the flange of a plate girder, the rivets 
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would be in double shear and have twice the value ; then 7 rivets 
would be sufficient. 
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In box girders, as Fig. 12a, the rivets connecting the angles 
with the webs are in single shear. 

The bearing area of each rivet is f inch by J inch = f square 
inch; this multiplied by 15,000 pounds for crushing would 
equal 5625 pounds. Dividing 45,000 by this we obtain 8 rivets. 
This latter calculation should not be overlooked in riveted 
work. Its observance in most cases of riveted girders with 
single webs gives the size and number of rivets to be used, and 
in thin webs the bearing area may be small, necessitating a 
thicker web than would otherwise be required. 

Rivets Connecting Web with Flanges. — The strain 
which the rivets connecting the web and flanges sustain is 
evidently due to the strain which is transmitted from one to the 
other ; this strain is horizontal, and is the maximum increment 
of flange strain at every section of the girder, and is found by 
dividing the maximum shear at any point by the height of the 
girder. 

For example: suppose a girder of 24 feet span (Fig. 13), 3 
feet in depth, sustains a load of 150,000 pounds uniformly dis- 
tributed over its whole length. Tak- 
half the load over half the girder, at 
the support K the shearin ▼ strain is 
75 ,000 pounds or half the w. .ole load ; 
at ^ or 3 feet it is equal to f of half 
the load or 56,250 pounds ; at * or 6 feet it is equal to J of half 
the load or 37,500 pounds ; at ^ or 9 feet it is equal to J of hali 
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the load or 18,750 pounds; at 12 feet or the centre it is zero: 
from which we can now obtain the flange strain by dividing by 
the height, and again by 12 inches to get the pounds per inch 
of run. 

75000 

Then at end = = 2083 lbs. per inch of run ; 

3 X 12 or 

ata = -^^^ = 1562 " " ** " « 
3 X 12 ^ 

at * = JZ^ = 1041 « i« «« a M 
3 X 12 ^ 

at^ = i^^= 520 " " " •* •* 
3 X 12 ^ 

The result thus obtained is then for the shear on the rivets. 
If the girder has a single web, as in a plate girder, we will take 
its bearing value, using a f web and a J-diameter rivet. 

The value of each rivet would be 15,000 X J X f = 4920 
pounds. Then at the end where we have the stress of 2083 
pounds per inch run, we must therefore space rivets : 

4920 - . , 
at support = — ^ = 2% inches centre to centre; 

at ^ = 45^ = 4i " ** *• •* 

1041 ^* 

But as we have exceeded our limit at Cj we will require the 
spacing from c to middle of girder to be 6 inches centres. 
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In order that rivets in the two legs of the angle should 
stagger each other, both legs must have the same spacing ; and 
in order that the rivets may lie in straight lines vertical and 
horizontal, the top and bottom rows should be spaced alike. 
In fact, the spacing in top and bottom flanges for practical 
considerations are similar. 

Generally the vertical in addition to the horizontal strain 
is taken into consideration for spacing the rivets, and their 
resultant is therefore the strain on the rivets. The vertical 
strain is that due directly to the load resting upon the flange 
of the girder, and thence through the rivets transmitted to the 
web. 

In the above example. Fig. 13, the flange strain at the end 

75000 

= 2083 lbs. per inch of run. 



3 X 12 



The vertical load on the girder per inch of run is the total 
load, divided by the length of span for the load on one foot, 
and the quotient by 12 inches for the per inch of run of load, 

150000 
or — — — = 520 lbs. per inch of run. 
24 X 12 

Then from the above at end of girder the resultant 

= 4^2083' + 520' = 2147 lbs. per inch of run. 

The spacing of rivets at end of girder = \\\\ = 2^^ inches. 
At fl, 3 feet from end, flange strain = 1562 lbs. per inch of 
run. 

The vertical stress as given is 520 lbs. per inch of run. 



The resultant = V'is63'' + 520* = 1647 lbs. per inch of run. 

Then ff|4 = 3 inches, the spacing of rivet at 3 feet from 
end of girder. Continue in like manner to the centre. 
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Spacing Rivets according to Strain Produced by the 
Bending Moments. — The rivets are also spaced, in the angles 
which connect the flanges with the web, according to the strain 
produced in the flanges by the bending My and the number 
readily found with but little calculation. The horizontal strain 
in the flanges diminishes in intensity either way from the posi- 
tion of maximum M towards either support, where it is the 
least, and may be fou#id (as mentioned before under Bending 
Moments) by dividing by the depth. 

The horizontal increments of strain in the web are greater, 
however, at the ends, and least under position of maximum M, 
If the maximum strain in the flange is divided by the value of 
each rivet, there results the minimum number of rivets either 
way from maximum Mto either support. 

For example : in a girder of 24 feet span and 3 feet in 
depth, f web and | rivets, if the maximum M equals 225 ton- 
feet at centre of girder, and the flange stress is at that point 
A|A r= 75 tons, or 150,000 lbs., the number of rivets 

= — '- = 30 required either way from centre 

a distance of 144 inches, or spaced ^^ = 4^ inches. Owing, 
however, to the greater intensity of the horizontal increment 
of strain in the web towards these supports, the rivets should be 
spaced closer as the ends are approached. 

Then for the first 3 feet, say 3 inches centres ; the next, 4 
inches ; the next, 5 inches ; and the remaining 3 feet, 6 inches. 
Then there results a total of 34 rivets. 

For any further explanation or spacing of rivets refer to the 
various examples which follow. 

For convenience in selection of rivets, the following table 
has been prepared : 
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SHEARING AND BEARING RESISTANCE OF RIVETS. 



Diameter of 
rivet ia inches. 


Area of 
rivet 

in 
square 
inches. 


Single 

shear at 

7500 lbs. 

per square 

inch. 


Bearing resistance in pounds for different thickness of 
plates at 15,000 lbs. per square inch. 


Frac- 
tion. 


Deci- 
mal. 


2340 
2810 
3280 
3750 


2930 

3510 
4100 
4690 


1 

3520 
4220 
4920 
5620 


4920 

5740 
6562 


5630 
6562 
7500 


6330 
7380 
8440 


1 

8200 
9380 


H 


1 

■ 


f 

' I 


0.625 

0.75 
0.875 

1 


0.3068 
0.4418 
0.6013 

0.7854 


2300 
3310 
4510 
5890 


9020 
10310 


9840 
11250 



Proportioning Girders. — The first operation, that of ob- 
taining the kind of girder, is not always left entirely to the dis- 
cretion of the designer; no rules can be laid down, for the 
reason that various loads on fixed spans and depths are given, 
so that, in the nature of the construction, very little limit is 
allowed ; for instance, if the girders are in the floor construe- 
tion, the height of girder is reduced to a minimum, to give the 
greatest height of ceiling. 

The depth at centre of straight independent girders as given 
by Humber may be made from ^ to -^^ of the span. The 
greatest economy of material is perhaps obtained at •^. 

If the depth of girder is about -^ the span, the deflection 
will not be too great. 

For many cases it would be well to find the most economical 
depth by a few trials, and bearing in mind that the increase of 
depth decreases the flange area, while it increases the weight 
of web and stiffeners and znce versa. 

It has been previously mentioned that the depth of the 
girder is between the centre of gravity of the flanges^ where we 
have one or more plates. We can without much error assume 
the distance between the centre of gravity of the flanges to be 
equal to the distance from top to bottom of flange^ngles as the 
effective depth of the girder. As the flange section increases the 
effective depth increases, but we can assume them to be con- 
stant throughout. 
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The span should include the length between the centre of 
bearings or supports, but for all practical purposes the effective 
span herein taken is between the supports. 

The following general rules should be adopted in propor- 
tioning girders, 

1. Plate girders should be proportioned upon the supposi- 
tion that the bending or chord strains are resisted entirely by 
the upper and lower flanges, and that the shearing or web 
strains are resisted entirely by the web plate. 

2. In members subject to tensile strains, full allowance shall 
be made for reduction of section by rivet-holes, etc. 

3. The web plates shall not have a shearing strain greater 
than 6000 to 8000 pounds for wrought iron and 7000 to 9000 
pounds for steel per square inch, and no web plate shall be 
less than f inch in thickness. 

4. No wrought'iron or steel shall be used less than f inch 
thick, except in places where both sides are always accessible 
for cleaning and painting. 

DETAILS OF CONSTRUCTION. 

1. All the connections and details of the several parts shall 
be of such strength that, upon testing, rupture shall occur in 
the body of the members rather than in any of their details or 
connections. 

2. The webs of plate girders, when they cannot be had in 
one length, must be spliced at all joints by a plate on each side 
of the web. T-iron must not be used for splices. 

3. When the least thickness of the web is less than ^ of 
the depth, the web shall be stiffened at intervals not over twice 
the depth of the girder. 

4. The pitch of rivets shall not exceed 6 inches, nor sixteen 
times the thinnest outside plate, nor be less than three diameters 
of the rivet in a straight line. 
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5. The rivets used will be generally J and \ inch diameter. 

6. The distance between the edge of any piece and the cen. 
tre of a rivet-hole must never be less than i J inches. 

7. In punching plates or other iron, the diameter of the die 
shall in no case exceed the diameter of the punch more than 
■^^ of an inch. 

8. All rivet-holes must be so accurately punched that, when 
the several parts forming one member are assembled together, 
a rivet -^^ inch less in diameter than the hole can be entered, 
hot, into any hole without reaming or straining the iron by 
" drifts." 

9. The rivets when driven must completely fill the holes. 

10. The rivet-heads must be hemispherical, and a uniform 
size for the same sized rivets throughout the work. They 
must be full and neatly made, and be concentric to the rivet- 
hole. 

11. Whenever possible, all rivets must be machine-driven. 

12. The several pieces forming one built member must fit 
closely together, and, when riveted, shall be free from twists, 
bends, or open joints. 

13. All joints in riveted work, whether in tension or com- 
pression members, must be fully spliced, as no reliance will be 
placed upon abutting joints. The ends, however, must be 
dressed straight and true, so that there shall be no open joints. 

14. All bed-plates under bearings of girders must be of such 
dimensions that the greatest pressure on the masonry shall not 
exceed 250 pounds per square inch. 

EXTRACT FROM THE NEW YORK BUILDING LAW 

PASSED APRIL 9, 1 892. 

§ 486. " Rolled iron or steel beam girders, or riveted iron or 
steel plate girders used as lintels or as girders, carrying a wall 
or floor or both, shall be so proportioned that the loads which 
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may come upon them shall not produce strains in tension or 
compression upon the flanges of more than 12,000 pounds for 
iron nor more than 15,000 pounds for steel per square inch of 
the gross section of each of such flanges, nor a shearing strain 
upon the web plate of more than 6000 pounds per square inch 
of section of such web-plate if of iron, nor more than 7000 
pounds if of steel; but no web plate shall be less than one 
quarter of an inch in thickness. Rivets in plate girders shall 
not be less than J of an inch in diameter, and shall not be spaced 
more than 6 inches apart in any case. They shall be so spaced 
that their shearing strains shall not exceed 9000 pounds per 
square inch of section, nor their bearing exceed 15,000 pounds 
per square inch, on their diameter, multiplied by the thickness 
of the plates through which they pass. The riveted plate girders 
shall be proportioned upon the supposition that the bending or 
chord strains are resisted entirely by the upper and lower 
flanges, and that the shearing strains are resisted entirely by the 
web plate. No part of the web shall be estimated as flange 
area, nor more than one half of that portion of the angle-iron 
which lies against the web. 

The distance between the centre of gravity of the flange 
areas will be considered as the effective depth of the girder. 

Before any girder, as before mentioned, to be used in any 
building shall be so used, the architect or the manufacturer or 
a contractor for it shall, if required so to do by the superin- 
tendent of buildings, submit for his examination and approval 
a diagram showing the loads to be carried by said girder, and 
the strains produced by such load, and also showing the dimen- 
sions of the materials of which said girder is to be constructed 
to provide for the said strains; and the manufacturer or 
contractor shall cause to be marked upon said girder, in a con- 
spicuous place, the weight said girder will sustain, and no 
greater weight than that marked on such girder shall be placed 
thereon." 
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To Calculate the Approximate Weight of Girder before 
its Dimensions are Fixed. — It should be remarked here that 
the weight of the girder becomes considerable when the flanges 
are built up of a number of plates. It is therefore desirable to 
be able to calculate approximately the. weight of the girder 
before its dimensions have been definitely fixed. The weight 
of the girder will be in proportion to its area of cross-section 
Jind to its length ; or when W is the gross load to be carried, 
and L the length between the supports, then the weight of 
girder between the bearings is 

WL 

in which C is a constant, and iV the load to be supported. 
The value of C has been taken from examples of girders from 
35 to 50 feet long ; its value is found to be 700. 

Example : We have a span of 40 feet and 70 tons to be sup- 
ported; what will be the approximate weight of girder? 

WL 70XAO 
^ = "C' = "75^ = 4tons, 

making a total of 74 tons, uniformly distributed. 

Splicing. —Girders 40 feet and less will not require any 
splicing, as the plates and angles can be readily handled in one 
length. 

In splicing the top flange, no additional cover plate will be 
required over the joint, but the ends should be planed true 
and butt solidly. The rivets to be closer near the joint. 

The plate covering the joint of bottom flange requires to 
be the same area as the plates joined, and of sufficient length 
to take a number of rivets equal to strength of the cover plate. 
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QUALITY OF MATERIAL. 

Wrought-iron.--All wrought-iron must be tough, fibrous, 
and uniform in character. It shall have a limit of elasticity of 
not less than 26,000 pounds per square inch. The tensile 
strength, limit of elasticity, and ductility shall be determined 
from a standard testpiece about \ square inch. The elonga- 
tion shall be measured on an original length of 8 inches. 

When taken from plates rolled to a section of not more 
than ^ square inches, the iron shall show a minimum ultimate 
strength of 50,000 pounds per square inch, and a minimum 
elongation of 18 per cent in 8 inches. The same sized speci- 
men, taken from plates 8 inches to 24 inches in width, shall 
show a minimum ultimate strength of 48,000 pounds per square 
inch, and a minimum elongation of 15 per cent in 8 inches; 
plates from 24 inches to 36 inches wide, 46,000 pounds per 
square inch, and elongate 10 per cent in 8 inches ; plates over 
36 inches wide, 8 per cent in 8 inches. 

The same sized specimen taken from angle-iron shall have a 
minimum ultimate strength of 48,000 pounds per square inch, 
and a minimum elongation of 1 5 per cent in 8 inches. Rivet- 
iron shall have the same physical requirements as high-test 
iron, and in addition shall bend cold 180 degrees to a curve 

21 
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Avhose diameter is equal to the thickness of the rod tested, 
without signs of fracture on the convex side. 

All iron for tension members must bend cold through 90 
degrees to a curve whose diameter is not over twice the thick- 
ness of the piece, without cracking ; at least one example in 
three must bend through 180 degrees to this curve without 
cracking. When nicked on one side and bent by a blow from 
a sledge, the fracture must be nearly fibrous. 

Mild Steel. — Specimens from finished material for test, cut 
to size, as for wrought-iron, shall have an ultimate strength of 
from 54,000 to 62,000 pounds per square inch, with a minimum 
elongation of 26 per cent in 8 inches; to bend cold 180 de- 
grees flat on itself, without sign of fracture on the outside of 
bent portion. 

All rivets of mild steel must, under the above bending test, 
stand closing solidly together without sign of fracture. 

Painting^. — All iron and steel work, before leaving the 
shop, shall be thoroughly cleansed from all loose scale and rust, 
and be given one good coating of best oxide of iron and pure 
linseed oil, and after erection to receive one additional coat of 
paint. 



PART III. 



EXAMPLE L 



GIRDER SUPPORTING A CONCENTRATED LOAD AT CENTRE OF 

SPAN. 

In a girder supported at both ends with a load concen- 
trated at centre of span, the maximum bending moment is at 
the centre, and equals half the load multiplied by half the span, 



or 



M^ 



WL 



To find the bending moment at any point in the girder 
when the load is at the centre. 




Pig. 14. 

Make FD, by any scale, Fig. 14, equal M 2X centre of span . 
join RD and DK. Then by the same scale, rp will equal the 
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bending moment at point r, and ut will equal the moment at 
point u. Or the moment at any point r ox u will equal half 
the load multiplied by Rr or Ku ; K being the nearest sup- 
port. Then 

W 
At r, M— —Rr. 

w 

At«, M— — R'u. 

2 



Example : What metal area would be required in the flanges 
at the centre of a girder of 30 feet span, 2 feet in depth, to bu^- 
tain 40 tons concentrated at the centre of span; 6 tons (12,000 
pounds) being the maximum unit strain per square inch allowed 
in the flanges? 

Here W= 40 tons, Z = 30 feet, rf = 2 feet. 

A = area of flanges, ^ = 6 tons. 

Then at centre. 



. _ 40 X 30 ^ t . 

M = =^ = 300 ton-f eet ; 



A 300 . , 

= 2~v~6 ^ ^5 square inches. 

Let r = 10 feet from R support, and « = 5 feet from the 
same support. 

40 
At r, iI/= — X 10 = 200 ton-feet, 



200 
2 



— ^ = 16.66 square inches. 
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At«, Ar= — X5 = ioo ton-feet, 



100 
2 



— g = 8.33 square inches. 



Then we require in the flanges for the above girder : 

At centre, 25.0 square inches. 
5 ft. from " 16.66 " " 

10 ft. " " 8.33 " " 

Construction of Flanges. — In the results of the example 
tust given, it will be observed that the area of metal required 
m the flanges increases gradually from the points of support 
towards the centre of the girder. This will be accomplished by 
building up the plates of metal overlapping each other for the 
computed amount. 

To make up the 25 square inches in the top flange at the 
centre, we extend the angles from end to end, and making the 
girder 12 inches wide, using ordinarj^ size plates (none less than 
f of an inch thick) and angles with the longer leg horizontal, 
we would require : 

Top flange = 2 angles* 5" X 4" X i" = 8.50 square inches. 

I plate \2" X \" = 6.00 " 

I " 12" X k" = 6.00 " 

I " 12" X F = 4.50 " 



a 



Total, 25.09 " 



a 



For the bottom flange, the rivet-holes must be deducted to 
obtain the net section. By referring to the section of the con- 
structed girder, Fig. 19, it will be noticed that the greatest loss 

* For areas of angles in inches see Table, page 33. 
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of section is two rivet-holes opposite each other, connecting 
the angles with the plates of the bottom flange. 

Using J-inch-diameter rivets, and allowing \ of an inch 
more for any injury to the metal in the process of punching, 
we have the area of a rivet-hole equal to \" + J" + i" + f " 
X i" = if square inches, for two rivet-holes 2 X if = 3f 
square inches, to be added to the bottom flange, or 25" + i\' 
= 28J square inches. Then 

Bottom flange = 2 angles 5'' X ^' X ^ = 8.50 square inches. 

I plate 12'' Xf' = 7.50 

I " 12" xf" = 7.50 
I « i2"XiV" = 5.25 

Total, 28.75 " " 

Flanges reduced in Area towards the Supports. — To 

reduce the area of the flanges as the ends are approached, draw 
the diagram Fig. 15, making R and R equal to the span of 30 



a 



i< 



i( 







Fig. 15. 

feet, and set off FD at centre of span equal to the bending 
moment at that point, or equal to DF, Fig. 14. Connect RD 
and DR. Draw the rectangle RCER. 
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Then from F place any scale at any angle, as Fe^ until it 
measures 25 square inches, the number required in the flanges 
at the centre. • For two angles 5" X 4" X f ", set ofiF 4.25 square 
inches each at a and b\ one plate 12" X i" = 6 square inches 
at c\ one f)late 12'' X i'^ = 6 square inches at d\ and one plate 
12" X f " = 4.5 square inches at e. Horizontal lines drawn from 
a, by Cy d, and c to DR' at/, g, h, and ky and by the set-square 
carried down to the base line RR', give the ends of plates in 
the flanges. 

Those flange plates which do not extend from end to end 
of girder should be run as many inches beyond the point where, 
according to the calculation we have made, the sectional area 
of that plate must form the required section, so as to catch 
sufficient number of rivets in the flange in order to transmit 
the amount of stress which the plate is required to sustain. 
Thus for the top plate 12'' X f", the amount of stress which 
it is expected to receive is equal to 12" X f X 12,000 = 
54,000 pounds. Now if we have two rows of rivets on the 
flange, and supposing that each rivet has a safe shearing strain 
of 4510 pounds per square inch, the plate must be extended 
to take in at least ^nV* ^^V ^^ rivets, beyond the point at 
which it is calculated to form the flange section. By referring 
to the diagram it will be seen that the full width of the second 
plate extends to dk, and we only require the area of same to 
decrease gradually from^ to A, and in like manner in the top 
plate from / to g. We will therefore be able to place the ma- 
jority of these 12 rivets of the top plate between / and ^. 

In all the following examples the plates are extended T2 
inches beyond the position determined by the diagram. Plates 
over i" thick should be extended as described above to a suf- 
ficient length to prevent the crowding of rivets. 

The plates in the bottom flange are practically of the same 
area as those of the top flange, the loss of area by rivet-holes 
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being made up by the thicker plates ; they will therefore be the 
same length as those in the top flange. 

Webs. — The downward pressure at the middle is equal to 
the upward pressure or reactions at the ends ; and since the load 
is central between the points of support, the reactions of these 
points are equal, and each is equal to one half the load at cen- 
tre, which gives 20 ton3 or 40,000 pounds shear on the web at 
each support. 

r«, ^ •S' 40000 ^ , - . , 

Then T=^^j^ = ^y^^g^ = .28, or nearly ^ inch. 

The least practicable thickness allowed in the webs of al 
girders is f of an inch ; we will therefore require in this a f ' X 
24" web plate. 

Stiffeners. — ^To determine whether we require stiffeners, 
we should first determine whether the web, as already propor- 
tioned for shearing, is able to sustain the same compressive 
stress to resist buckling. This condition is attained when the 
shear per square inch of cross-section at any point does not 
exceed the 



Safe resistance to buckling per square inch = -i, 

1 + 



300or 



When d = depth, and / = thickness of web in inches. 

lOOOO 

Then 24x24 = 4224 pounds. 

'■*" 3000X1x1 

But as we have adopted 6000 pounds per square inch for 
safe shearing, the web will require to be stiffened throughout 
at a distance of 3 feet, the shearing strain on the web being 
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uniform throughout on a girder with load in centre (see graphi- 
cal representation of shearing forces. Fig. 19). 

Then to stiffen the web at these points, rivet to each side 
of the web a 4" x 4" X f" angle. We then have for the thick 
ness I" + f" -(- J" = I inches, and the formula becomes: 
Safe resistance to buckling 



— 2A X 24 — ~ ^^^3 pounds per square inch. 

' + 3000 X I X f 

Stiffeners must always be tightly fitted between the flange- 
angles. In order to bring the stiffeners in contact with web 
and vertical leg of angle, they are bent as shown in Fig. 16, or 
fillers may be used as Ftg. 17. 



The first method requires less material than the second, but 
requires the work of bending the angles, for which particular 
dies must be had to give the required amount of bending, and 
no doubt is more economical where there are a. large number of 
stiffeners to be bent to the same form. 

The second method is therefore more preferable for cases 
when girders to be made are few in number. 

Rivets. — Now as to value of rivets through web, we-should 
have for shearing, area of rivet is J" X i" X .7854 = .6013" 
X 7500 = 4S 10 pounds ; being in double shear, twice the value 
or g02O pounds. 
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For bearing f" X f" X 15000= 4920 pounds. As the 
bearing value is the smaller, we will use that in determining the 
number. 

The bending moment at the centre of girder is 300 ton-feet 
This divided by the depth will give the horizontal flange strain 
at centre of girder. 

300 
Then - — = 1 50 tons or 300,000 pounds. 

This again divided by the least value of a web rivet, which we 
found to be 4920 pounds, gives the total number of rivets re- 
quired ; or 

300000 , . 

= 60 rivets 

4920 

in a distance of 180 inches, spaced 3 inches centres. 

Graphical Representation of Bending Moments and 
Shearing Forces. — The bending moments and shearing forces 
at each point of a girder may be represented graphically by 
lines laid ofiF to scale, as will be shown by example. 

This method will be found far more preferable, on account 
of the rapidity with which the work can be accomplished, es- 
pecially for girders with two or more concentrated loads, also 
with concentrated loads and a uniform load combined. Accord- 
ing to our example, we have a girder 30 feet span, 2 feet in 
depth, to sustain at the middle 40 tons. 

Set the load W of 40 tons to a reasonable scale off along a 
line PF. The line PP' is thus the polygon of the given force, 
and P'P, its closing line, is the resultant. (For these principles 
refer to works on Graphic Statics.) 

Since the reaction of R and R' must be equal, we take the 
pole distance O in a, horizontal through the centre of the force 
line PF at H, and draw the radii OP, OF ; then describe the 
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funicular polygon a^f by drawing <7i parallel to PO, terminating 
in ^produced, and dc parallel to P'O. The funicular polygon 
is now closed by the line ca, and a line OS is drawn through 
pole (on Off in this case) which is parallel to ac and to the 
girder. 

Then any ordinate from ac,.3s x,y, or s, taken to these in- 
clined lines ab or be, multiplied by the pole distance Off, will 




give the bending moment at any point of the girder, The pole 
O may be placed at any distance or direction ; the result will 
be the same; but to facilitate calculations, take ten units of 
the scale adopted. 

The shearing forces are equal to the distances R and R' of 
the points of the polygon of forces from 5. 

Accordingly, the shearing forces have been taken from the 
polygon of forces and used as ordinates of the segments of RR' 
to which they correspond. Thus the hatched figure is obtained, 
which is termed the shearing force Ai-a.^xa.xa, ^■aA the Vertical 
ordinates of this diagram give the shearing force at any section 
of the girder RR', and in this particular example it can be seen 
at a glance and, as previously found, that the shear on the web 
is uniform from centre to ends. 
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AREAS OF ANGLES 



WITH 'EVEN LEGS. 



Size 
in Inches. 


Thickness in Inches. 


i 


A 


1 


A 

5.06 
4.18 

3.31 
2.87 

2.43 
2.21 

2.00 

1.78 
1.56 
1.30 


i 

5.75 
4.75 
3.75 
3.25 

2.75 
2.50 

2.25 

2.00 


A 

6.43 
5.31 
4.18 
3.62 
3.06 


f 

7.11 
5.86 
4.61 

3.99 
3.36 


H 

7.78 
6.42 

5.03 
4.34 
3.65 


f 

8.44 
6.94 
5.44 
4.69 


9.06 

7.47 
5.84 
5.03 


9.74 
7.99 


I 

II.O 

9.0 


6 X6 
5 X 5 
4 X4 

3iX3i 
3X3 
2f X 2f 
2iX 2i 
2i X 2i 
2X2 
If X If 
liX li 


. • . • 
.... 
• • . • 
1.44 

1.31 

i.ig 
1.06 

0.94 
0.81 

0.69 


• • • • 

• • t • 

• • • • 

1.78 
1.62 

1 1.47 
1.31 
1.15 

I.OO 

0.84 


3.61 
2.86 
2.48 
2.11 
1.92 

i.73 
1.55 
1.36 
1.17 
0.99 


WITH UNEVEN LEGS. 


7 X3i 
6 X4 
6 X3i 
5 X4 
5 X3i 
5 X 3 
4iX3 
4 X3i 
4X3 
3iX3 
3iX 2i 
3 X2i 
3X2 
2i X 2 
2iXii 

2 X If 








4.40 
4.18 

3.96 
3.74 
3.52 
3.30 
3.09 

3.09 
2.87 

2.65 

2.43 
2.21 

1.99 
1.78 

1.45 


5.00 

4-75 
450 

4.25 
4.00 

3.75 
3.50 
3.50 
3.25 
3.00 

2.75 
2.50 
2.25 
2.00 
1.63 


5.59 
5.30 

5.03 
4.74 
4.46 
4.17 
3.90 
3.90 
3.62 

3.34 
3.06 

2.78 


6.17 
5.86 

5.55 
5.23 
4.92 
4.60 

4.30 
4.30 
3.98 
3.67 
3.36 


6.75 
6.41 

6.06 

5.72 

5.37 

5.03 
4.68 

4.68 

4.34 
4.00 

3.65 


7.31 

6.94 
6.56 

6.18 

5.81 

5.44 
5.06 
5.06 

4.69 
4.31 


7.87 

7.47 
7.06 

6.65 
6.25 
5.84 
5.43 
5.43 
5.03 
4.62 


8.42 

7.99 
7.55 
7.11 
6.67 


9.50 

9.00 
8.50 
8.00 


1.44 

I.31 
I.19 
1.06 
0.88 
0.78 


2.09 

1.93 

1.78 

1.62 
1.46 
I.3I 
1.07 


3.61 
3.42 
3.23 
3.05 
2.86 

2.67 
2.67 
2.48 
2.30 
2.11 
1.92 

1.73 
1.55 
1.27 
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SECTIONAL AREA IN INCHES OF RIVET-HOLES IN PLATES OF 
VARIOUS THICKNESSES, TAKEN i INCH IN EXCESS OF 
DIAMETER OF RIVET. 



Thickness 1 
of Plate. 1 


Number of Rivets z inch Diameter. 


Number of Rivets | inch Diameter. 


T 
Z.I3 


a 


3 


4 


5 


6 
6.75 


7 


8 


z 


a 


3 


4 


5 


6 


7 


8 


3.35 


3-37 


4- 50 


5.62 


7.87 


9.00 
8.43 


1.00 


3.00 


3.00 


4.00 


5.00 


6.00 


7.00 


8.00 


I 


1.05 


3.10 


3.16 


4.31 


5 27 


6.32 


7.38 


0.94 


1.87 


2.81 


3.75 


4.68 


5.62 


6.56 


7.50 


.98 


1.97 


2-95 


393 


4.92 


5-90 


6.89 


7.87 


•87 


1-75 


3.63 


350 


4^37 


5.25 


6.12 


7.00 


1? 


•91 


183 


a. 74 


3-65 


4-57 


548 


6^39 


7^3i 


.81 


1.03 


3.44 


325 


4.06 


4.87 


5.68 


6.50 


.84 


1.69 


2.53 


3-37 


4.32 


S.06 


5.90 


6.75 


•75 


1.50 


3.35 


3.00 


3^75 


4.50 


5-25 


6.00 


U 


•77 


1.55 


2.32 


3^09 


3.86 


4.64 


54» 


6.19 


.C9 


^•37 


3. 06 


3.75 


3^43 


4.X2 


4.81 


5.50 


§ 


.70 


1.41 


2.11 


2.81 


3-51 


4.23 


4.92 


5.63 


,C2 


1-25 


1.87 


2.50 


3.13 


3-75 


4^37 


5.00 


n 


.63 


1.26 


1.90 


2-53 


3.16 


380 


4.42 


5.06 


.56 


1. 12 


X.69 


3.25 


2.81 


3-37 


3.93 


450 


\ 


.56 


X.II 


Z.69 


3.35 


3.81 


3-37 


3-94 


4- 50 


.50 


1. 00 


1.50 


3.00 


2.50 


3.00 


3- SO 


4.00 


•49 


.q8 


1^47 


1.97 


3.46 


2.95 


3-44 


3^94 


•44 


.87 


i.31 


^•75 


3.18 


2.62 


3.06 


3-50 


\ 


.43 


.84 


1.36 


1.69 


2.ZI 


2.53 


2.95 


3^37 


■37 


•75 


I. 13 


1.50 


1.87 


2.25 


2.62 


3.00 


•35 


.70 


1.05 


1.40 


1.76 


3. II 


2.46 


3.81 


•31 


.62 


•94 


1-25 


1.56 


1.87 


2.18 


3.50 


k 


.s8 


.56 


.84 


1.12I 1.40I 1.69 


T.97I 3.25 


•25 


•50 


•75 


1.00 


1.25 


1.50 


1.75 2.00 


Thickness 
of Plate. 


1 


*^umb 


erof ] 


Rivets \ inch Dia 


meter. 


^ 


fumbc 


:rof I 


livets 


f inc 


hDia 


meter. 


z 


a 


3 


4 


5 


6 


7 


8 


z 


a 


3 


4 


5 


6 


7 


8 


I 


0.87 


1.75 


3 63 


350 


4-37 


5^25 


6.12 


7.00 


0.75 


1.50 


3.35 


3.00 


375 


450 


5-25 


6.00 


^ 


.82 


1.64 


3.46 


3.28 


4.10 


4.93 


5^74 


6.56 


.70 


1.40 


3. II 


3.81 


3^51 


4.22 


4.92 


5-62 


.77 


^•53 


3.30 


3.06 


3-83 


4^59 


536 


6.12 


.65 


1-3^ 


1.96 


3.63 


3.28 


3-94 


4 59 


5^25 


H 


•71 


1.42 


3.13 


3.84 


3-55 


4.26 


4-97 


5.68 


.61 


1.22 


1.83 


2.44 


3.04 


3-65 


4.26 


4.87 


1 


.66 


1. 31 


1.96 


3.62 


3-28 


3^93 


4-59 


5^25 


•56 


X.12 


1.69 


3.35 


2.81 


3^37 


3-93 


4.50 


11 


.60 


Z.20 


1.80 


3.40 


3.00 


3.60 


4.21 


4.81 


•51 


1.03 


^•54 


3.06 


2.57 


3.09 


3.60 


4.1a 


« 


•55 


X.09 


1.64 


2.19 


2.73 


3^28 


3^83 


4^38 


•47 


.94 


1. 41 


1.88 


2^34 


2.81 


3.28 


3-75 


^ 


•49 


.98 


1.48 


1.96 


2.46 


2.95 


3.44 


3-94 


•42 


•84 


1.36 


x.69 


2.10 


2.53 


2.95 


3^37 


\ 


•43 


.87 


I-3I 


1.75 


2.X8 


3.63 


3.06 


3^50 


•37 


•75 


z.ia 


1.50 


1.87 


2.35 


3.63 


3.00 


•38 


.76 


1. 15 


1.53 


1. 91 


3.30 


2.68 


3.06 


•33 


.66 


•98 


»-3« 


1.64 


1.97 


3.39 


3.63 


\ 


.32 
.27 


.65 

•55 


.08 

.03 


^•3i 
Z.09 


1.64 

1.3^ 


1.97 
X.64 


3.30 
1. 91 


3.63 
3.18 


.28 
•23 


•56 
•47 


•84 
.70 


Z.X3 

•94 


1.40 
1. 17 


X.69 
1.40 


1.97 
x.64 


3.35 
X.87 


\ 


.2r« 


•44 


.66 


.87 


1.09 


1. 31 


'•53 


1.75 


.18 


•37 


•56 


•75 


.93 


X.X2 


1. 31 


1.50 



EXAMPLE I. 



3S 



TABLE SHOWING GROSS AREA OF PLATES OF VARIOUS 

THICKNESSES* 



Thickness 
of Plate. 


Width of Plate in Inches. 


8 


9 


zo 


za 


14 


15 


z6 


18 


SO 


az 


aa 


34 


a6 

a6.oo 


as 
38.00 


30 


I 


8.0O 


9.00 


10.00 


12. 00 


14.00 


15.00 


16.00 


18.00 


2«.00 


21.00 


2a. 00 


34.00 


30.00 


^ 


7-50 


'8.43 


9-37 


11.25 


13-ia 


14.06 


1500 


16.87 


18.75 


19.68 


ao.6a 


33.50 


34.37 


36.35 


38.13 


7.00 


7.87 


8.75 


10.50 


13.25 


13.1a 


14. 00 


15-75 


17.50 


18.37 


19-35 


31 .00 


32.75 


34-50 


26.35 


H 


6.50 


7.31 


8.12 


9-75 


11.37 


12. 18 


13-00 


14.62 


16.25 


17.06 


17.87 


19-50 


21.13 


33.75 


24.37 




6.00 


6.75 


Z-§° 


9.00 


10.50 


11.25 


la.oo 


»3-50 


15.00 


15.75 


16.50 


18.00 


19.50 


31. 00 


22.50 


A 


550 


6.18 


6.87 


8.25 


9.6a 


10.31 


11.00 


"•37 


»3-75 


14.43 


15.12 


16.50 


17.86 


19.35 


20.6a 


f 


500 


5.62 


6.25 


7SO 


a. 75 


9-37 


10.00 


11.25 


12.50 


13.12 


13-75 


15.00 


16.35 


17.50 


18.75 


A 


4- 50 


5.o6 


5.62 


6.75 


7.87 


8.43 


9.00 


10.12 


11.25 


II. 81 


12-37 


13-50 


14.63 


15.75 


16.87 


i 


4.00 


4.50 


5.00 


6.00 


7.00 


7.50 


8.00 


9.00 


10.00 


10.50 


11.00 


12.00 


13 .OO 


14.00 


15.00 


3-50 


3-94 


4.37 


5-25 


6.12 


6.56 


7.00 


7-87 


8.75 


9.19 


9.63 


10.50 


"-37 


18. 35 


13.1a 


jl^ 


3.00 


3.37 


3.75 


450 


5'^S 


5.6a 


6.00 


6.75 


750 


7.87 


8.35 


9.00 


9 75 


10.50 


11.35 


2.50 


3.81 


3-ia 


3-75 


A-yj 


4.69 


5.00 


5.62 


6.25 


6.56 


6.87 


750 


8.X3 


8.75 


9-37 


i 


3.00 


a. 25 


2.50 


3.00 


3 50 


3-75 


4.00 


4.501 5 00 


5.35 


5.50 


6.00 


6.50 7.00 


7.50 



Explanation. — Required the sectional area of a plate 26" X H' punched 
by six i' rivets. The gross area by table = 17.86 square inches, and the area 
of six f" rivets by the previous table = 3.60 ; that is, 17.86 — 3.60 = 14.26, the 
area required. 

Required the sectional area of a 6" X 4" X J" angle punched by two f ' 
rivets. The gross area by table of ** Areas of Angles" = 7.99 square inches, 
and the area of two f" rivets through a J" plate by the table = 1.53. Then 
y,gQ — 1.53 = 6.46, the area required. 

SAFE BUCKLING VALUE OF WEB PLATES PER SQUARE INCH 

(WROUGHT-IRON). 

loooo d = depth in inches. * 



Calculated by formula 



1 + 



3000/*' 



/ = thickness in inches. 



Thickness 
in Inches. 


Depth in Inches. 


90 


24 


a8 


30 


33 


36 


40 


4a 

1930 

2455 
2983 
3498 

3992 
4500 
4889 
5290 

5649 
5988 


48 

1548 
1994 

2543 
2918 

3371 
3835 
4228 
4623 

4992 
5336 
5674 


50 

1442 
1 86b 
2308 

2749 
3191 
3645 
4030 

4420 
4780 
5025 
5455 


5a 


60 


X 

k 

H 

I 


3195 
4220 

5134 
5900 

6522 

7035 
7456 
7818 

8044 


2455 

3365 
4229 

4992 
5652 

6223 

6704 
7133 

7612 

7752 


2714 

3498 
4228 

4890 
5476 
5932 
6461 

6828 
7164 


3192 

3896 

4546 

5133 
5656 

6143 
6522 
6868 
7184 


2889 

3624 
422S 

4787 
5339 
5834 
6226 

6585 
6920 


2456 
3069 
3666 
4229 
4748 
5252 
5656 

6045 
6392 

6700 


2087 
2696 

3191 
3724 
4228 

4726 
5133 
5534 
5882 
621 1 


1350 

1751 
2172 

2599 
3024 

3465 
3885 
4224 

4593 
4926 
5263 


1724 
2087 
2456 

2848 

3191 

3549 
3891 

4237 
4545 



N.B. — If the buckling value is less than the shearing (6oco pounds for 
wrought-iron), the web will require to be stiffened. 
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SHEARING VALUE OF WEB PLATES, WROUGHT-IRON, 6000 lbs. 

PER SQUARE INCH. 



V^ M. « 








Thickness of Plate. 






Depth 

in 
Inches 






















1 
















t 


A 


! i 


A 


1 


H ■ 


} 


\ 


I 


13 


27000 


31500 


36000 


40500 


45000 


49500 


54000 


63000 


72000 


14 


31500 


36750 


42000 


47250 


52500 


57750 


63000 


, 73500 


84000 


l6 


36000 


42000 


48000 


54000 


60000 


66000 


72000 


84000 


96000 


i8 


40500 


47250 


54000 


60750 


67500 


74250 


80500 


Q4500 


108000 


20 


45000 


52500 


60000 


67500 


75000 


82500 


90000 


105000 


120000 


22 


49500 


57750 


66000 


74250 


82500 


90750 


99000 


115500 


132000 


24 


54000 


630VX) 


72000 


810QO 


90000 


99000 


108000 


126000 


144000 


26 


58500 


68250 


78000 


87750 


- 97500 


107250 


I 17000 


136500 


156000 


28 


63000 


73500 


84000 


94500 


105000 


115500 


126000 


147000 


168000 


30 


67500 


78750 


90000 


IOI250 


112500 


123750 


135000 


157500 


180000 

1 


32 


72000 


84000 


96000 


108000 


120000 


132000 


144000 


168000 


1 
192000 


34 


76500 


89250 


102000 


I 14750 


127500 


140250 


153000 


179500 


204000 


36 


81000 


94500 


108000 


T21500 


135000 


148500 


162000 


189000 


216000 


38 


85500 


99750 


I 14000 


128250 


142500 


156750 


171000 


199500 


228000 


40 


90000 


105000 


120000 


135000 


150000 


165000 


180000 


210000 


240000' 


42 


94500 


I 10250 


126000 


141750 


157500 


173250 


189000 


220500 


252000 


44 


99000 


I I 5500 


132000 


148500 


165000 


181500 


198000 


231000 


264000 


46 


103500 


120750 


138000 


155250 


172500 


189750 


207000 


241500 


278000 


48 


108000 


126000 


144000 


162000 


180000 


198000 


216000 


252000 


288000 


50 


I 12500 


131250 


150000 


168750 


187500 


206250 


225000 


262500 


300000 


52 


117000 


136500 


156000 


175500 


195000 


214500 


234000 


273000 


312000 


54 


121500 


141750 


162000 


182250 


202500 


222750 


243000 


283500 


324000 


56 


126000 


147000 


168000 


189000 


210000 


231000 


252000 


294000 


336000 


58 


130500 


152250 


174000 


195750 


217500 


239250 


261000 


304500 


348000 


60 


135000 


157500 


180000 


202500 


225000 


247500 


270000 


315000 


360000 
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SHEARING VALUE OF WEB PLATES, WROUGHT-STEEL, 7000 lbs. 

PER SQUARE INCH. 



Depth 

in 
laches 


Thickness of Plate. 






















1 


A 


\ 


^^ 


t 


\\ 


» 


i 


I 


12 


31500 


36750 


42000 


47250 


52500 


57750 


63000 


73500 


84000 


14 


36750 


42875 


49000 


55125 


61250 


67375 


73500 


85750 


98000 


l6 


42000 


49000 


56000 


63000 


70000 


77000 


84000 


98000 


I 12000 


I8 


47250 


55125 


63000 


70875 


78750 


86625 


94500 


110250 


126000 


20 


52500 


61250 


70000 


78750 


87500 


96250 


105000 


122500 


140000 


22 


57750 


67375 


77000 


86625 


96250 


105875 


II55OO 


134750 


154000 


24 


63000 


73500 


84000 


94500 


105000 


I 15500 


126000 


147000 


168000 


26 


68250 


79625 


91000 


102375 


II3750 


I25125 


136500 


159250 


182000 


28 


73500 


85750 


98000 


IIO250 


122500 


134750 


147000 


171500 


196000 


30 


78750 


91875 


105000 


I18125 


I3125O 


144375 


157500 


183750 


210000 


32 


84000 


98000 


II2000 


126000 


14000 


154000 


168000 


196000 


224000 


34 


89250 


104125 


II9OOO 


133875 


148750 


163625 


178500 


208250 


238000 


36 


94500 


I 10250 


126000 


I41750 


157500 


173250 


189000 


220500 


252000 


38 


99750 


I16375 


133000 


149625 


166250 


182875 


199500 


232750 


266000 


40 


105000 


122500 


140000 


157500 


175000 


192500 


210000 


245000 


280000 


42 


I 10250 


128625 


147000 


165375 


183750 


202125 


220500 


257250 


294000 


44 


II5500 


134750 


154000 


173250 


192500 


2II75O 


231000 


269500 


308000 


46 


120750 


140875 


1610OO 


181125 


201250 


221375 


241500 


281750 


322000 


48 


126000 


147000 


168000 


189000 


210000 


231000 


252000 


294000 


336000 


50 


131250 


153125 


175000 


196875 


218750 


240625 


262500 


306250 


350000 


52 


136500 


159250 


182000 


204750 


227500 


250250 


273000 


318500 


364000 


54 


141750 


165375 


189000 


212625 


236250 


259875 


283500 


330750 


378000 


56 


147000 


T71500 


196000 


220500 


245000 


269500 


294000 


343000 


392000 


58 


152250 


1 77625 


203000 


228375 


253750 


279125 


304500 


355250 


406000 


60 


157500 


183750 


210000 


236250 


262500 


288750 


315000 


367500 


420000 
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COMPOUND RIVETED GIRDERS. 



Example 1 1. 



GIRDER SUPPORTING A CONCENTRATED LOAD NOT AT 

CENTRE OF SPAN. 

In a girder supported at both ends with a load concentrated 
not at centre of span, the maximum bending moment is at the 
load, and is equal to the load multiplied by the distance from 
load to left support, and from load to right support divided by 
the span ; or, 



J/= H^X 



ay^b 



To find the bending moment at any point in the girder when 





-alb ^2-6*^ 5-0 



L. 261 a' 



Fig. ao. 



the load is not at centre, make FD by any scale, Fig. 20, equal 
M at the load ; join RD and DR, Then x, y, z, by the same 
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scale, will measure the moments at their respective points in 
the girder. 

m. -mm www ^^ X -«^ ■'^ 

Ktx.M^ Wx ^ . 



« mj^ rrr -^-^ X -R ^ 

At^, Mz= Wx 2 • 



Example : What metal area would be required in the flanges 
of a plate girder of 20 feet span, 2 feet 6 inches in depth, to 
sustain 60 tons concentrated at 5 feet from left support ? 

Here JV=6o tons; Z = 20 feet; d=z2 feet 6 inches; 
J = 6 tons. Then 



AtFyM=6oX ^ ^ ^^ = 225 ton-feet, 



225 
A = /, ^ ==15 square inches. 



Atx,M=:6oX ^^ — -^ = 1 12.5 ton-feet, 

20 



A = ^ ,/^ = 7«5 square mches. 
2.5 X 6 ^ ^ ^ 



At y, ^= 60 X ^ = 150 ton-feet, 

■^ 20 



^ = — T-r2 = 10 square inches. 
2.5 X o 
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At ^, ilf = 60 X ^-r-^ = 75 ton-feet, 

20 



A = — ^ = 5 square inches. 

2.5 x o 



Then we require in the flanges for the above girder : 

At the load, 15.0 square inches. 
At X, 2 feet 6 inches from " 7.50 " 
At^, 5 " " " 10.00 

At z, 10 " " ** 5.00 " 






Construction of Flanges. — To make up the maximum 
section under the load we would require : 

Top flange = 2 angles ^" X l" X i" = 7.5 square inches. 

I plate 12" X I" = 7.5 



« 4i 



Total, 15.0 " 



Ci 



For the bottom flange, rivet-holes to be deducted to obtain 
the net section. The loss of metal by rivet-holes is the same 
hi this as the former example. 

Using J-inch-diameter rivets, and allowing -J- of an inch 
more for any injury to the metal by punching, area of rivet- 
hole equals \" -[- i'' X i" = | square inches ; for two rivet-holes 
2" X I' = 2.25 square inches, to be added to the bottom flange, 
or 15" -|- 2.25" = I7«25 square inches. 

Bottom flange = 2 angles 5" X l^' X i" = 7.5 square inches. 

I plate \2" X rt" = 9-75 " " 



Total, 17.25 ** 



(( 
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Flanges reduced in Area towards the Supports. — To 

place the plates in their required position for the calculated 
area : Draw the diagram, Fig. 21,' making R and K equal to the 




Fig. 21. 

span of 20 feet as in the previous example, and set off lines FD 
at position of load equal to the maximum bending moment at 
that point, or equal to FD^ Fig. 20. Connect RD and DR\ 
Draw the rectangle RCER\ Then from F place any scale at 
any angle, as 7v, until it measures 15, the number of square 
inches required in the flanges at F or at the load. For two 
angles set off 3.75 square inches at a and b, and one plate 12 
X -ff inches, or 7.50 square inches, at C Horizontal lines 
drawn from a, by and c to DR, DR\ and carried down to base 
line RK give the position of the plates. The angles to extend 
from end to end as shown. 
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Both top and bottom plates to extend 12 inches each way 
from FD^ in addition to that determined by the diagram. 

Webs, — The bearing area upon which a girder is supported 
reacts against the girder an amount equal to the pressure of 
the load upon them ; or, the sum of the loads on the girder is 
equal to the sum of the reactions. Hence, if there be but one 
support as in a cantilever, this condition gives at once the re- 
action. For a uniform load and a concentrated load at centre, 
on two supports, it is evident that each reaction equals one half 
of the load. 

We have in this example a single concentrated load situated 
at 5 feet from left support, whose span is 20 feet. 



Then R supports = 45 tons, 



zxiAR! ^' ^^-^= 15 tons. 

20 ^ 



(Refer to article Shearing Forces on the Webs.) 

The thickness of the web may then be determined as in the 
previous example. 



^•^.^=53?^=*'-- 



The one-half-inch thickness to be adopted and used from 
end to end of girder ; otherwise we would require a variety of 
thicknesses to be made up between each end, which is altogether 
impracticable in small girders. 
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Stiffeners. — To determine whether we require stifleners : 
Safe resistance to buckling 

lOOOO __ lOOCX) „ . , 

= ^a So'xlo — ~ "^590 lbs. per sq. inch. 

^ "*" 3000/* ^ "*" 3CXX) X i X i 

But as we have adopted 6000 pounds for safe shearing, the 
web will have to be stiffened throughout, at the bearings, under 
the load, and every 3 feet, by 4'' X 4'' X f angles riveted each 
side of web. We have then for the thickness f '' + J'' + f" 
= ^ inches, and the formula becomes 

10 000 
Safe resistance to buckling = * = 8389 lbs. 

^ "^ 3000 x^X^ 

Rivets. — This example being a single-web girder, the rivets 
will be in double shear ; so we will take their bearing value, 
which is less than the shearing. The bearing area = ^" X i" 
X 15000 = 6562 pounds. The bending moment at load is 225 
ton-feet ; this divided by the depth gives the horizontal flange 
strain each way from position of load to end of girder. 

• * 

225 
Then — - = 90 tons or 180,000 pounds, 
2.5 

« 

This again divided by the value of the rivet gives the total 
number of rivets required ; or, 

180,000 

"656^ = 27 rivets, 

in a distance of 60 inches from the load to R support spaced 
about 2\ inches centres. 



44 COMPOUND RIVETED GIRDERS, 

This is closer than they should be spaced in a straight line, 
so we will have to stagger them as much as possible. (See 
girder drawing, Fig. 23.) We will also require 27 rivets from 
the position of load to R\ a distance of 180 inches, spaced 6.6 
inches. This is more than they should be spaced in a straight 
line; as our maximum is 6 inches, we will space them accord- 
ingly. Had we used the shearing stress for the rivet spacing, 
we would have a uniform shear of 90,000 pounds from position 
of load to Ry and a uniform shear of 30,000 pounds to K. 

At Ry y\\^ — - = 3000 pounds per inch of run. 
2.5 X 12 *' *^ *^ 



Spaced, = 2,10 inches centre to centre. 

^ 3000 ^ 



30 000 
^^ ^'' T r; V- = ^000 pounds per inch of run ; 

2. 5 X 12 
_ , 6562 ^ ^ . , 

Spaced, — — = 6.56 mches centre to centre. 

Graphical Representation of Bending Moments and 
Shearing Forces in a Girder with One Concentrated Load 
not at Centre. — According to our example we have a girder 
of 20 feet span, sustaining a load of 60 tons 5 feet from left 
support. Set the load IV0I60 tons to a reasonable scale off 
along the line PP", Fig. 22. The line PP' is thus the polygon 
of the given force, and P^P, its closing line, is the resultant. 

Take any point O as pole, equal to ten units of the scale 
adopted, and draw the radii OP and OP^. Then describe the 
funicular polygon aic by drawing ad parallel to OP, termi- 
nating in W^ produced, and 6c parallel to 0P\ terminating in 
the prolongation downwards of R\ The funicular polygon is 
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now closed by the line ca., and a line OS ts drawn through 
pole O parallel to ac. The bending moments are then found 
in the same manner as described under Fig. i8. Then the re- 




action of R will equal the distance by same scale from S to P, 
and the reaction at R the distance from S to P". 
Or as a condition of equilibrium, 

the reaction at ^ = PS, and at R' = SP. 



The shearing forces, as in the previous example, are taken 
from the hatched figure. By referring to the diagram it will 
be noticed that the greatest shear on the web is at R support 
measured from P to S, and only a small percentage of the load 
ffis sustained by R' support. 
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Example III, 

GIRDER SUPPORTING A UNIFORMLY DISTRIBUTED LOAD. 

In a girder supported at both ends with a load distributed 
over its entire length, the maximum bending moment is at the 
centre, and is equal to one half the load multiplied by one 
quarter the span, or 



M = 



WL 
8 • 



To find the bending moment at any point in the girder, 
when the load is uniformly distributed : 

Make FD by scale, Fig. 24, equal M at centre of span, and 
draw the parabola RDR^ (see method of drawing parabolas. 








«o 



r" 



+ 



ft.C 4K- 9-0 



-f ,.0 ^p 



U«d0-O' 



Fig. 34. 



Figs. 26 and 27). Then rp measured by the same scale will 
equal tte bending moment at point r, and ut will equal the 
moment at point u. 
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Or the moment at any point r = half load on rR X rR'y or 
half load on rK X rR. 



-f^XrR 
At r, M=i — X rR. 



-j-XuR 
At u,M^— X uR\ 



Example : What metal area would be required in the flanges 
at the centre of a box girder of 30 feet span, 3 feet in depth, to 
sustain 200 tons of a 16-inch wall distributed over its entire 
length. 

Here W = 200 tons, Z = 30 feet, rf = 3 feet, 
A = area of flange, ^ = 6 tons. 

200 X '^O 
At centre, M = -^^— = 750 ton-feet, 

750 
A = -—rrz = 41.66 square inches. 

200 
— X 10 

Ktr.M— ^ X 20 = 666.66 ton-feet, 



666.66 
A = ' ^ = 37.04 square inches. 

200 
— -X 5 

At u,M=z ^ X 20 = 416.66 ton-feet, 



y, 416.66 . ^ 

~ ^ X6 ~ ^3«i5 square mches. 
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Then for the above girder we require in the flanges : 

At centre, 41.66 square inches. 
5 feet from " 37-04 " " 

10 " " " 23.15 " " 

Construction of Flanges. — To make up the maximum 
section at the maximum bending moment we would require : 

Top flange = 2 angles 4'' X 4" X \\" = 11.68 square inches. 

3 plates each i(>" X \" = 30.00 



Total, 41.69 



it ti 



a u 



For the bottom flange the loss by rivet-holes will be the 
thickness of plates and one angle, and then using f-inch-diam- 
eter rivets and allowing J inch more, we have f" + f" + f " 
+ H '' X I = 24^ square inches, for two rivets 2 X 2H'' = 5.375 
square inches, to be added to the bottom flange at centre, or 
41.66'' ^- 5.375" = 47 square inches. 

Bottom flange = 2 angles 4'' X 4" X H" = 11.68 square inches. 

3 plates each 16'' X 1" = 36.00 



U tl 



Total, 47.68 



(( « 



Flanges Reduced in Area towards the Supports.— 

To place the plates of the flanges in their required position 
for the calculated area, draw the diagram Fig. 25. From Fin 
centre of span, make FD, by the same scale as in Fig. 24, equal 
to the maximum bending moment at that point. Draw the 
rectangle RCEK. From F place the scale at any angle, as at 
/v, until it measures 41.66 or 41.68 square inches. 

For two angles set off 5.84 square inches, each, at a and ^, 
and three plates \&' X J", or 12 square inches, each, at ^, rf, 
and e. Horizontal lines drawn from a, b, c, d, and e to the pa- 
rabola RDR\ and carried down to base line RR\ will give the 
position of the plates in the flanges. 
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The angles to extend from end to end of girder, and the 
adjoining plates are required to extend in like manner for prac- 
tical reasons, which will be readily seen in all box girders. 




Pig. 25. 

The plates of the bottom flange are, for the reasons ex- 
plained in the previous example, practically the same length as 
those of the top flange, and should extend 12 inches beyond the 
calculated length. 

Webs. — The reactions on the supports of a girder sustain- 
ing a uniformly distributed load are each equal to one half the 
total load, and the shearing force on the webs at each end of 

400,ocx) 
the girder is equal to = 200,000 pounds. 



20 0000 

'^^*" ' ~ 36x6000 ~ '9^' "^^''^y ^ °' *" '"'^'^ '■> 
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but as we have two webs, each will be equal to one half of \\ 
or ||, say \ inch, for the thickness of each web. 

Stiifeners. — To determine whether we require stifleners, 
only one web need 1^ taken into consideration ; and if stiffeners 
are needed, an angle can be riveted on the outside. Frequently 
there is considerable shear on the webs; angles are then riveted 
inside and outside of each web. 

Safe resistance to buckling 

lOOOO 

= g ^ g — = 3663 pounds per square inch. 

^ + 3CXXD X i X i 

The webs will have to be stiffened at the bearings. 
At 5 feet from the bearing or supports the shear on the 
webs is equal to \ the shear at the bearings, or 133,333 pounds. 
The safe shear against buckling of a 36-inch web ^ inch thick 
is 3663 pounds per square inch, as found above. The shearing 
area of the web at 5 feet from the bearing is 36 X i = 18 square 
inches. 

Then 3663 x 18 = 65,934 pounds safe against buckling at 
that point, and the shear on one web at the same point is 

= 66,666 pounds ; a stiffener is therefore required, and 

one 2' 6" towards the bearings, but ;^<7«^ towards the centre, as 
the shear is theoretically nothing at the middle of a girder uni- 
formly loaded, but from thence increases by equal increments 
towards each support (refer to shearing force diagram, Fig^28). 

Rivets. — The rivets connecting the webs to the flanges in 
a box girder are in single shear ; therefore the shearing value 
will be 7500 pounds per square inch, and is measured on the 
area of the cross-section of the rivet. 

The area of a |-inch-diameter rivet = |" X |" X .7854 = 
^13 (see Table of Shearing and Bearing Resistance of Rivets) ; 
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this multiplied by 7500 = 4510, the safe amount of strain each 
rivet can sustain without shearing. 

If the maximum horizontal strain in the flanges is divided 
by 4510, there results the minimum number of rivets required 
either way from the centre. Then from the example : 

Maximum M = 750 ton-feet ; 



750 
Horizontal strain = - — = 250 tons or 500,000 pounds ; 

and divided by 45 10 =110 rivets, to be placed a distance of 
180 inches for one side, 360 inches for both, spaced about 3 
inches centres. 

On account of the horizontal increments of strain in the 
web increasing towards the ends, the rivets should be spaced 
closer as the ends are approached, say 2f inches for the first 5 
feet, 3 inches for the next, and 4 inches for the remaining dis- 
tance. 

Method of Drawing Parabolas. — Draw a horizontal RF, 

Fig. 26, equal to half span of girder. 
Set off DF perpendicular to RF^ mak- 
ing the former equal by scale to 
the bending moment at that point. 
\ \ J^ I Through D draw CD parallel and equal 

I !/ I to RF, The ordinates from any points 

in CD to the parabola will be propor- 
tional to the square of the distances of 
those points from D. Thus, if the 
ordinate at a be i, then the ordinate at b, twice the distance of 
a from Z), must be 4 ; and so on. . 

To proceed practically, divide CD into a number of equal 
parts («) as at ^^, b, c, etc. Then if RC be divided into («') parts, 
each of these parts will be the required unit, one of which is the 




Fig. a6. 
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Fig. 27. 



offset at a ; four at b ; nine at c ; and so on. Through the points 
a\ b\ c\ etc., thus determined, 
the required curve can be drawn. 

Parabola by the Construc- 
tion of a Diagram. — On the 
span RR\ Fig. 27, describe an 
isosceles triangle whose height 
is double that of the bending 
moment. Divide the two sides 
AR and AR' of the triangle into 
any number of equal parts, and 
draw lines as in the figure. 

These lines will be tangents to the parabola, which may then 
be drawn. 

Graphical Representation of Bending Moments and 
Shearing Forces for a Uniformly Distributed Load.— A 
uniform load may be considered as a system of equal and equi- 
distant loads close together. 

Thus in Fig. 28 the load area may be divided into any num- 
ber of equal parts. The area of each part we may consider as 
the load which acts at its centre of gravity, and lay it off to any 
convenient scale in the force polygon, as at i, 2, 3, 4, ... 19, 20. 

Since the reactions at R and R' are equal, we take the pole 
«9 in a horizontal through the centre of force line -PP', and draw 
the radii d?i, (92, 0%, O4, . . . O20. Then describe the funicular 
polygon ad, bCy cd, de, . . . vw, by drawing ab parallel to PO, 
be to Oiy cd to 02y de to d?3, . . .vw\.o O20, 

The funicular polygon is now closed by the line aw^ and a 
line OS is drawn through pole (9 (on Off in this example), which 
is parallel to aw and to the girder. Any ordinate taken to this 
parabola from the base line aw multiplied by the distance Off 
will give the bending moment at any point in the girder. 

To avoid any error in direction carried on by the lines being 
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too short, one half the number of divisions will be quite suffi- 
cient to get the moments. 

The shearing forces on the webs are shown similar to the 



(yxjxpc^noonnrYY^rywY^ 




previous examples, and are equal to the distances of the points 
of the polygon of forces from 5". 

Therefore the shearing forces arc taken from the force poly- 
gon used as ordinates as shown in the diagram, and the hatched 
figure is the result. 
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Example IV. 



GIRDER SUPPORTING TWO CONCENTRATED LOADS. 



In a girder supported at both ends, the bending moment at 
any point produced by two loads is the sum of the moments 
produced at that point by each load separately. 

Draw the triangles Fig. 30, having vertices at /"and A, repre- 




^—-K...i 



Fig. 30. 



senting bending moments for loads PT, and W^ , as in Fig. 20, by 



M= Wx 



aXb 
L • 



Extend efX.o b, and gh to c, making each long vertical equal 
to the sum of each moment at the position of each load, or eb 



EXAMPLE IV. 57 

equal to </"+ ek^ and gc equal to gk + gi. Any ordinate, as x 
or y^ measured from the base line ad to the polygonal figure 
abcdy will give by the same scale the moments at the corre- 
sporiding points in the girder. 
Or the bending moment for 

fF. at fr.= pr, x^^^4^; 



W, at W,= IV,X ^1^. 



Example : What metal area would be required in the flanges 
of a dox girder of 25 feet span 2 feet in depth to sustain 30 tons 
concentrated 10 feet from left support, and 70 tons 5 feet from 
right support? 

Here W^ = 30 tons, IV^ = 70 tons, Z = 25 feet, 

d=: 2 feet, A = flange area, j = 6 tons. 

At e for fTj, Jf = 30 X - — -—^ = 180 ton-feet 

25 

20 X "5 
At ^ for >r, , ifef = 70 X — ^ = 280 ton-feet. 

Draw the vertices ^y and gA by scale equal to 180 and 280 
ton-feet, respectively, and connect each to a and d; extend ef 
(equal to ek) to ^, gA (equal to gi) to ^, and connect a, by c^ d. 
Then eb and gc measured by the same scale will represent the 
bending moments produced at e and g by W^ and W^. 

At ;r, -Af = 160 ton-feet, 

A = — -g = 13.33 square inches. 
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At ^, -A/ = 320 ton-feet, 

A = -^ — ? = 26.66 square inches. 
2x6 ^ 

At y^M^ 330 ton-feet, 

^ = = 27.5 square inches. 

At ^, jW = 340 ton-feet, 

^ = - ^ = 28.33 square inches. 

It will be noticed that the maximum bending moment by 
the diagram is under the load W^. As a check upon the scale 
figures. 

At W, for W^,M-W^X ^^ =70 X ^^- = 280 ton-feet 



Total at W^ or at ^ = 340 



i€ 



Construction of Flanges. — The maximum bending mo- 
ment being under the greatest load, the greatest amount of 
ff)etal will be required in the flanges at that point. Then to 
0idke up the proper flange section : 

Top flange = 2 angles &' X 4'' X tV = 8.36 square inches. 

1 plate i&' X i" = 8.00 

2 plates 16" X i'' = 12.00 



« (( 

it a 



Total. 28.36 



« it 
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For the bottom flange, deduct rivet-holes as in our previous 
examples. Then using J-inch-diameter rivets, and allowing J 
inch more : for one hole use -jV" + i'' + 1" + I" X i" = H 
inches, for two holes ^ x 2 = 3.38 square inches, to be added 
to the bottom flange at g, or 28.33 + 3-38 = 31.71 square inches. 

Bottom flange = 2 angles 6" X 4" X yV = 8.36 square inches, 

I plate i&' X A' 
I " i&' X f 
I " i&' X f 



// 



// 



\n 



— 9.00 


(( 


• « 


= 8.00 


u 


li 


= 6.00 




a 


Total, 31.36 


a 



Flanges reduced in Area towards the Supports.— 
Construct the diagram Fig. 31 upon the span RK^ making the 




Fig. 31. 



polygon RBDR! similar to the bending-moment polygon. 
Fig. 30. At F, 5 feet from right support, make FD equal to the 
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maximum bending moment, 340 ton-feet. Draw the rectangle 
RCEK, From F place the scale at any angle, as at Fe^ until it 
measures 28.36 square inches. 

For two angles set off 4.18 square inches each at a and b\ 
one plate 16 X i = 8 square inches at c\ two plates 16 X f = 
6 square inches each at d and e. Horizontal lines drawn from 
a, b, c, dy and e to the polygon RBDR' and carried down to the 
base line RR' will give the position of the plates in each flange. 
Being a box girder y the angles and adjoining plates are required 
to extend the full length, all other plates 12 inches beyond the 
calculated area, to reach at least two cross-lines of rivets. 

Webs. — To find the reaction at R\ the right support, the 
centre of the moments is taken at the left support. In like 
manner to find the, reaction at R, the left support, the centre 
of the moments is tgiken at the right support. 

Then R supports (30 X lo) + (70 X 20) -r- 25 = 68 tons, 

and R supports (70 X 5) + (30 X 15) -f- 25 = 32 tons. 

As a check, the sum of R and R is seen to be 100 tons. 

The thickness of web may then be determined by the for- 
mula: 

AtR\T = ^=^ ^^^ = .94 or il inch. 
^-^ 24 X 60CX) ^ ^' 

At ^, r = -^y— — = .44 or A inch. 

21 X 6000 ^" 

But as we have a box girder and two webs, adopting the 
greater thickness, each will be one half of || or J^, say i inch, 
for the thickness ; this thickness to extend the entire length, 
as explained under example of " One concentrated load not in 
centre." 
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Stiffeners. — To determine whether we require stiffeners: 
Safe resistance to buckling 

= ■ = 5656 lbs. per square inch, 

24 X 24 

^ 3000 X i X i 

As this is almost what we have adopted for shearing (6000 
pounds), the web will have to be stiffened at the bearings and 
under each concentrated load. A 3 X 3 X f inch angle on the 
outside of the web will be sufficient for the purpose (see girder 
drawing, Fig. 33). 

Rivets. — The shearing area being less than the bearing, the 
former will have to be adopted. 

The area of a J-inch-diameter rivet = f X 1 X .7854 = 
.6013. This multiplied by 75(X) = 45iO pounds, safe shear for 
each rivet. The maximum bending moment at^. 

M = 340 ton-feet, and divided by the depth, the horizontal 
strain = -2^ =170 tons or 340,000 pounds ; and then divided 
by 4510 = 75 rivets, to be placed a distance of 60 inches for 
one web or 120 inches for both, spaced about i^ inches centres 
from position of maximum M to R! support. As this is less 
than the minimum spacing in a straight line previously 
adopted, the rivets will require to be staggered. This is also 
the practical reason why large angles, with the longer leg 
vertical, became necessary. 

By referring to the graphical shearing-force diagram, Fig. 
32, it will be seen that the horizontal increments of strain in 
the web are uniform from g to R'\ therefore rivets will be 
spaced if centres that distance. 

In dividing the 75 rivets in the distance from ^ to ^ it will 
be noticed in the diagram that there is little shear in the webs 
between e and g. We will therefore space the rivets the mctxi- 
mum adopted, or 6 inches centres. 
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The rivet spacing between e and R will have to be spaced 
by the horizontal strain at that point. 

At e, M = 320 ton-feet, and divided by the depth, the 
horizontal strain = IJ* = 160 tons or 320,000 pounds; and 
then divided by 4510 ^ 70 rivets, to be placed a distance of 
120 inches for one web, 240 inches for both, spaced about 3^ 
inches from e to R support. 

Graphical Representation of the Bending Moments and 
Shearing Forces in a Girder supporting Two Concentrated 
Loads. — We have in the example a girder of 25 feet span sus. 
taining a concentrated load of 30 tons 10 feet from left support 




and 70 tons 5 feet from right support. We shall first determine 
R and R', the pressure on the supports, and then the vertical 
or transverse stresses. 
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Set the given forces W^ and W^ off in succession along the 
line PP, Fig. 32, PT, of 30 tons at i, W^ of 70 tons at 2. The 
line PF is thus the polygon of the given forces W^^ W^ , and 
P'P^ its closing line, is their resultant. 

Take any point O as pole, equal to ten units of the scale 
adopted, and draw the radii OP^ Oi, O2. Then describe the 
funicular polygon adcd by drawing ad parallel to OP, terminat- 
ing in W^ produced ; dc parallel to (9i, terminating in W^; and 
cd parallel to (9, , terminating in the prolongation downwards 
of R\ The funicular polygon is now closed by the line da^ 
and a line OS is drawn through the pole O parallel to da» 

Then as a condition of equilibriuni, 

the reactions at R = PS, and at P' = SP\ 

Any ordinate from ad in the funicular polygon, as x^y meas- 
ured to the inclined line ad, be, or cd, multiplied by the pole 
distance OH, will give the bending moments at any point in the 
girder. 

The shearing forces are equal to the distances of the 
various points of the polygon of forces from S. 

Accordingly the hatched figure gives the shearing forces at 
any section of the girder ; and the shear on the webs can be 
measured by the same scale. 

The shear on the web from R' support to the /oton load 
W^ is uniform, as is also the 30ton load H^, to R support. 
Between the two loads it will be noticed that there is but 
little shearing force. 
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X X X X - 



X =o % =- 
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Example V. 

GIRDER SUPPORTING TWO CONCENTRATED LOADS AND A 

UJJIFORMLY DISTRIBUTED LOAD. 

I 

/ 

In a girder supported at both ends, the bending moments 
at any point produced by all the loads is the sum of the 
moments produced at that point by each of the loads sepa- 
rately. This is a combination of the two previous examples, and 
each is to be taken separately. 

The polygon for the concentrated loads to be drawn under, 
and the parabola for the uniform load over, the girder. 

Example: What metal area would be required in the 
flanges of a box girder 16 inches wide, 32 feet span, 3 feet in 
depth, to sustain 60 tons concentrated 10 feet from right 
support, 40 tons 10 feet from left support, and a uniformly 
distributed load of 80 tons, with 6 tons unit strain per square 
inch in the flanges? 

Draw the triangles Fig. 34, having vertices at /and A, rep- 
resenting bending moments by 

M=IVX ^-^ for loads W, and W, (Example II). 

TO V 22 

At efor W^, M = 40 X — - — = 125 ton-feet. 

32 

TO V 22 

At ^ for W; , M=:6oX -^-^ — = 412.5 ton-feet. 

32 

Draw the vertices </" and ^A by scale equal to 125 and 412. 5 
ton-feet respectively, and connect each to ad; extend ^/ (equal 
to ek) to dj and g-A (equal to^i) to c, and connect a, b, €, d. 
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Then eb and ge measured by same scale will give the bend- 
ing moments produced at e and g by W^ and W^ . • 




7g 



Fig. 34. 



Draw the parabola for the uniform load, making FD^ by 
the same scale as for the concentrated loads, equal to the 
moment at the centre of the girder by formula : 

-^ wt: 80 X 32 

At centre, M^ -^ = — ^ = 320 ton-feet. 

The bending moment due to the two concentrated loads and 
the uniform load at any point in the girder is equal at that 
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point to the sum of the ordinates of the parabola RDIH and 
the polygon abed. 

Then at W^ , the ordinate of the parabola mn and the poly- 
gon gc, 

JJ/= 812.5 ton-feet 

22 X 10 
Or at g^lor W^jM= 60 X = 412.5 ton-feet ; 

* '' W,,M^AOX^-^-^ =125.0 " 

32 

•M- X 10 
t for uniform load = J^ X 22 = 275.00 ** 



Maximum M =^ 812.5 " 

-r-, 812.5 ^ . , 

Flange area = ^ = 45.12 square mches, 

3X6 

Construction of Flanges. — Then to make up the 45,12 
square inches in the flanges at g^ we would require : 

Top flange = 2 angles 6" X 4'' X 4" = 11.72 square inches, 

1 plate 16" X J" =12 " 

2 plates i&' X H" = 22.00 " 

Total, 45.72 " 

For the bottom flange we deduct rivet-holes, then using 
•J-inch-diameter rivets and allowing ^ inch more, we have for 
one hole H + H + H+HX i =2|f inches, for two holes 
2^ X 2 = 5i square inches, to be added to the bottom flange 
at ^, or 45.12 + 5*525 = 50.62 square inches. 



* Refer to formula under girder of one concentrated load not at centre, 
f Refer to formula under girder of a uniformly distributed load. 
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Bottom flange = 2 angles 6" X V' X f" = 1172 sq. in, 

I plate 16" X f = 14.00 " " 

I " \(>" X ^" = 13.00 " " 
I " \&' X f " =1 2.00 



i< u 



Total, 50.72 



« << 



Webs. — The reactions due to both uniform and concen- 
trated loads may be obtained by adding together the reactions 
due to the uniform load and each concentrated load, or they 
may be computed in one operation. 

To fin^ the right reaction, R\ the centre of moments is 
taken at the left support and the uniform load regarded as 
concentrated at its middle ; then the equation of moments is 

if' X 32 = 60 X 22 +40 X 10+ 80 X 16, 

from which R! = 93.75 tons. In like manner, to find R the 
centre of moments is taken at the right support and 

/? X 32 = 60 X 10 + 40 X 22 + 80X 16, 

from which /? = 86.25. As a check the sum of R and R is 
seen to be 180 tons, which is the same as the sum of the two 
concentrated loads and the uniform load. 

The thickness of web may then be determined by the for- 
mulas : 

Adopting the greater thickness and having two webs, each 
will be one half of \ or yV 
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Stiffeners.^— To determine whether we require stiffeners : 
Safe resistance to buckling 

lOOOO 

= ^ ^ = 3069 lbs. per square inch. 

' "^ 3000 X iV X iV 

But having adopted 6000 lbs. per square inch as the safe 
shear, we will require stiffeners to be placed throughout the 
length, from W^ to R and W^^ to R\ spaced about 3 ft. centres. 
No stiffeners are required between W^ and fF„ , there being 
little shear on the webs in that length. Refer to the diagram 

Fig. 35. 

Then to stiffen the web against buckling, place a 4'' X 4'' 
Xi" angle outside- of web. We then have for the thickness ^^ 
-{- i = ^1 inch, and the formula becomes : 

Safe resistance to buckling 

lOOOO 

= -z -z. = 6700 lbs. per square inch. 



3000 X H X 11 



Rivets.— The shearing area is again used in this example 
and J-inch-diameter rivets. 

The safe single shear for each \ rivet by table = 4510 
pounds per square inch. The maximum bending moment is 

at g, and M ^=- 812.5 ton-feet. Then divided by the depth, 

812 c 
the horizontal strain = — — = 270.2 tons or 540,400 pounds. 

3 
This divided by 4510= 119 rivets, to be placed a distance 

of 120 inches for one web or 240 inches for both, spaced about 
2 inches centres (staggered) from position of maximum M to 
R support, from g to e. It will be noticed in the diagram Fig. 
35 that there is but little sheer on the web ; therefore the max- 
imum (6 inches) spacing should be adopted. 
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The rivet spacing from e to R will be regulated by the 
horizontal strain at that point. 

At e, M — 737.625 ton-feet. 

Horizontal strain = '-^ — - = 245.875 tons or 491,750 pounds, 

and then divided by 4510 = 109 rivets, to be placed a distance 
of 120 inches for one or 240 inches for both webs, spaced about 
2i inches (staggered) from e to R support. 

Graphical Representation for Two Concentrated Loads 
and a Uniform Load. — In the following diagram, Fig. 35, we 



^^^x^^x^^y^morYY^^oCQS 



"have a combination of the previous examples. The uniform 
load to be considered is a system of equal and equidistant loads 
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close together, as in Fig. 28. In determining the reaction on 
the support, we set the given loads W^^W^y IV^^ . . . W^„ off in 
succession along the line PP'. The uniform load of 80 tons 
being divided into 16 parts, each equal to 5 tons, set W^ of 5 
tons at I ; IV^ot $ tons at 2 ; IV^oi $ tons at 3 ; W^^ of 5 tons 
at 4 ; W^ot $ tons at 5 ; W^, the concentrated load, at 6 ; and 
so on to the end. The line PP' is then the polygon of the 
forces, and P^Py the closing line, is the resultant. 

Take any point O as a, pole equal to ten units of the scale 
adopted, and draw the radii OPy Oiy O2, O^y O^ O5, . . . O18. 
Then describe the funicular polygon abed . . . siuv by drawing 
ab parallel to OB, be parallel to (?i, terminating in the prolong- 
ation of W^ ; cd parallel to O2, terminating in W^ produced ; . . . 
finally, uv parallel to (?i8, terminating in the prolongation 
downwards of R\ 

The funicular polygon is now closed by the line va, and a 
line OS is drawn through the pole O parallel to va. 

Then as a condition of equilibrium 

the reaction at ^ = PS, and at R' = SF. 

Any ordinate from av in the funicular polygon and meas- 
ured to the inclined lines ab, be, cd, ^, . . . uv, multiplied by 
the pole distance OH, will give the bending moment at any 
point in the girder. 

The shearing forces on the web can be measured on the 
hatched figure as explained in our previous examples. The 
greatest shear is at the bearings, and extends from the con- 
centrated loads W^ and W^^ to R and R\ There is little or 
no shear on the web in centre of the girder. 

The Area of Flanges reduced by the Funicular Poly- 
gon. — Construct the diagram Fig. 36, by drawing the polygon 
RDR' similar to the funicular polygon Fig. 35. 

From a point on the closing line RR' directly under the 
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maximum bending moment at /% draw FD at the same point ; 
place the scale at any angle until it meets DD' perpendicular 
to FD at e^ measuring 45.12 square inches of the top flange. 

For the two angles set off 5.86 square inches each at a and 
b, then one plate 16 X i or 12 square inches at Cy two plates 




Fig. 36. 



16 X H or 1 1 square inches each at d and e. Horizontal lines 
drawn to FD, and again lines drawn from FD parallel to RR\ 
intersecting the polygon and carried up to RR\ will give the 
position of the plate in each flange. The angles and adjoining 
plates to extend the full length of girder. The other plates to 
extend over the calculated distance to reach at least four cross- 
lines of rivets. 



EXAJUFl^ y. 



5 J- X X X X 



a, -s 



^ .=■:■ 2" 



2 : "C • K 

t. ^ "Ix X X 

O 5 ^ a 53 to o 



!*«& 
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Example VI. 

GIRDER SUPPORTING THREE CONCENTRATED LOADS. 

In a girder supported at both ends,, the bending moment at 
any point produced by three concentrated loads is the sum of 
the moments produced at that point by each load separately. 

Example : What metal area would be required in the flanges 
oiz box girder oi 35 feet span, 2 feet 6 inches in depth, to sustain 
40 tons concentrated 5 feet and 70 tons 15 feet from left sup- 
port, and 60 tons concentrated 10. feet from right support, 
the girder to be 20 inches wide ? 

Draw the triangles Fig. 38 as in the previous examples, 
having vertices at /> i^ and k^ representing bending moments by 



JJf = WX — r— 



for loads W^,, IT,, and IT,, as In Example II. 



At H, for JT, , J/= 40 X ^-^7^ = 17143 ton-feet 



11; V 20 
At/, for ir,,^=70X-^-r- — = 600.00 " 



At ^, for IT, , ilf = 60 X — — ^ = 428.57 " 



Draw the vertices A/, /i, and gk by scale equal to 171.43, 600, 
and 428.57 ton-feet respectively. Connect each to R and R. 
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Extend kt to by equal to the sum of hr and ks ; extend ft to 
^, equal to the sum of fo and fn ; extend gk to flf, equal to the 
sum of gl a,nd gm. Connect a, by Cy and d. Then kbyfcy and ^^/^ 




Fig. 38. 

measured by same scale, will represent the bending moments 
produced at A,/, and ^ in the girder by loads fT,, fT,, and W^. 

At any point in the girder, as Xy y ox z will, by same scale 
measured from base line ae to the polygon abcdey represent 
the bending moments at their respective points. 

Then by scale : 

At hy M:=4S7'^3 ton-feet Aty,M=: 878.57 ton-feet. 



it 



u 






ii 



a 



= 714.28 
= 971.42 



« 



M 



it 



« 



^. 



U 



u 



= 78571 
= 392-85 



^i 



u 
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From the above diagram it will be observed that the maxi- 
mutn M occurs at point f. For the proof refer to Fig. 20, 
diagram of one concentrated load not at centre. 



At/, for IT,, J/ = 70 X -^— — = 600 ton-feet. 



c V 20 
At/, for fT. , ^ = 40 X ^-^^ =114.28 « 

At/, for »;, JI/= 60 X ^^^^ = 257.14 " 



Max. M = 971.42 ** 

Area of flange = ^y"v6 ^ ^"^^^ square inches. 

Construction of Flanges. — To make up the 64.76 square 
inches in the flanges at /we would require: 

Top flange = 2 angles 6" X 4" X |",== 11.72 square inches. 

I plate 20" ;x i" =15.0 

3 plates 20" X f' = 37.5 






Total, 64.22 " 



« 



.54 of an inch less than required. 

For the bottom flange we deduct rivet-holes. Then using 
l-inch-diameter rivets and allowing J inch more, we have for 
one hole f + f" + 1" + f + f X i" = ^y^, for two holes 
5^ X 2 = ^ = 6f square inches. On account of the closeness 
of the rivets it will be noticed, by referring to the girder 
drawing Fig. 41, another hole in the vertical leg of the angle 
will require to be deducted ; we have then for one hole f X I 
= |, for two holes | X 2 = J^ = i J square inches, to be added 
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to the bottom flange at/, or 64.76 + 6.375 + 1.25 = 72.385 
square inches. Then 

Bottom flange: 2 angles 6" X 4" X |" = 11.72 sq. inches. 

4 plates 20" X f " =60 



a ti 



Total, 71.72 



a u 



Webs. — To find the right reaction at R\ the centre of 
moments is taken at the left support. Then the equation of 
moments is 

■ 

-'^'x 35=40 X 5 + 70 X 15 + 60x25, 



from which R' = = 78.57 tons. In like manner to find 

35 

Ry the centre of moments is taken at the right support, and 



i? X 35 = 60 X 10 + 70 X 20 + 40 X 30, 



9200 

from which R = = 01.43 tons. As a check, the sum of 

35 ^ 

R' and R is seen to be 170 tons. 

Then the thickness of the web becomes • 



^^ ^'' ^ = 30^ X^^ "^ '^^^' "^^''^^ * ^^ ^^ '"^^^^ 



^ „ 182860 . , 



Adopting the greater thickness and having two webs, each will 
be i inch thick. 
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Stiffeners. — To determine whether we require stiflfeners : 
Safe resistance to buckling 



lOOOO 

— = 4545 pounds per square inch. 



J 3QX 3Q 

"^ 3000 X i X 4 



This being less than 6ocx) pounds, the safe shear per square 
inch, the webs will require stiffeners at bearings, under each 
concentrated load, and the intervening distances from R to 
W^ , W^ to W^ , W^ to Ky every three feet. No stiffeners are 
required between W^ and W^. Refer to Diagram Fig. 4a 

Then to stiffen web at the above-stated points, place a 4" 
X 4" X S" angle on outside of each web, and the formula 
becomes : 

Safe resistance to buckling 

lOOCX) 

= ^ = 7184 pounds per square inch. 

^ + 3000 X i X i 

Rivets. — The safe shearing area of a f-inch-diameter rivet 
from table = 4510 pounds. 

The maximum bending moment at/: 

J!f = 971.42 ton-feet 

Horizontal strain = 2Z_13_ = 388.66 tons or 777,320 pounds. 

2.5 

This divided by 4510 =170 rivets, to be placed a distance 
of 180 or 360 inches in both webs, spaced about 2\ inches 
(staggered) from /to R support. 
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The maximum bending moment at^: 

M = 785.71 ton-feet. 



Horizontal strain = ^ ^'^ 

2.5 



314.4 tons or 629,000 pounds. 



Then divided by 4510 =139 rivets, to be placed ajdistance 
of 120 inches for one or 240 inches for both webs, spaced about 
I J inches (staggered) from g- to R\ 

The rivets to be spaced between IV^ and IV^ , 6 inches centres. 

Flange Plates reduced in Area towards the Sup- 
ports. — Draw the diagram Fig. 39, as in our previous examples, 
upon the span R R\ making the polygon RBDGR' similar 
to the bending moment polygon, Fig. 38. At F^ 15 feet from 
R support, draw FD equal to the maximum. 




Fig. 39. 



Bending moment due to the sum of the load W^^ IV^, and IV^ 
at that point, or 971.42 ton-feet. Draw the rectangle RCER' ; 



1 
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then from F place the scale at any angle, as at Ff, until it 
measures 64,76 square inches of the top flange. For two angles 
set off 5.86 square inches each at a and b ; one plate 20" X 1". 
or 15 square inches, at c\ 3 plates2o"Xf", or 1.25 square inches, 
each at e, d, and f. Horizontal lines drawn from a, b, c, d, e, 
and /to the polygon and carried down to base line RR' will 
give the position of plates in each flange. 

The angles and adjoining plates to extend the full length of 
girder. The plates to extend over the calculated lengths, equal 
to two cross-lines of rivets. 

Graphical Representation of the Bending Moments 
and Shearing Forces for Three Concentrated Loads.— 
We have in this example a girder of 35 feet span, to sustain a 




concentrated load of 40 tons 5 feet from R support, 70 tons 
20 feet, and 60 tons 10 feet, from R' support We shall first 
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determine, as in our previous examples, the pressure on the 
supports. 

Set the given loads W^, fF, , and W^ , Fig. 40, oflf in succes- 
sion along a line PP^ : JT, of 40 tons at i, fT, of 70 tons at 2, 
and W^ of 60 tons at 3. The line PP' is thus the polygon of 
the forces W^, W^, and W^y and P'P^ its closing line, is their 
resultant. Take any point O as pole, equal to ten units of the 
scale adopted, and draw the radii OP, Oi, (?2, ^3. Then 
describe the funicular polygon abcde by drawing ad parallel 
to OP, terminating in IV^ produced, 6c parallel to Oi, cd 
parallel to O2, terminating in the prolongation of W^ and W^ 
respectively, and de parallel to (?3, terminating in the prolonga- 
tion downwards of R. The funicular polygon is now closed by 
the line ea, and a line OS is drawn through the pole O parallel 
to ea. Then as a condition of equilibrium, 

the reaction at i? = PS, and at R = SP^. 

The bending moments at any point in the girder can be 
measured by the ordinates of the funicular polygon multiplied 
by the pole distance Off. The shearing forces at any point on 
the webs to be measured from the hatched figures. The maxi- 
mum shear on the webs is at R support, and is equal by scale 
to 91.43 tons, the same as previously calculated. 
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Example VII. 

GIRDER SUPPORTING FOUR CONCENTRATED LOADS. 

The bending moment at any point produced by all the 
loads is the sum of the moments produced at that point by each 
of the loads separately, being the same as two and three con- 
centrated loads. 

Example: What metal area would be required in the 
flanges of a box girder of 40 feet span, 3 feet in depth, to sustain 
20 tons concentrated 5 feet and 60 tons 15 feet from left sup- 
port, 50 tons 10 feet and 30 tons 5 feet from right support, 
the girder to be 20 inches in breadth. 

Draw the triangles, Fig. 42, having vertices at «, /, x, and ^, 
representing bending moments by 

M^WX -^4^ for loads W,, W,,W,, and W, (as in Ex. II). 



At gy for W^yM— 20 X ^^^-^ = 87.5 ton-feet. 

40 

At >i, for »;, J/ = 60 X i5->i^ = 562.S 

At /, for W,y M=SoX i^^iJ? = 375 

40 

At k, for W,,M^iOX -i^^^ = 131.25 « 

40 

Draw the vertices gUy ht, ix, and kq by scale equal to 87.5, 
562.5, 375, and 131.25 ton-feet respectively, and connect each 
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with R and R . Extend gn to by equal to gl -|- gm -f- go ; ex- 
tend ht to r, equal X.o hp '\' hr '\- hs\ extend ix to d^ equal to 
/i^ + iv + MC' ; extend kq to ^, equal to kj -^^ ky \- kz. Con- 




FlG. 4a. 



nect ^^, ^, <:, ^/, e, /• Then ^^, A^, id, and ^^, measured by same 
scale, will represent the bending moments produced at g^ A, 1, 
and k in girder by loads W^, W^, fT, , and W^ . 

Then atg, M= 356.25 ton-feet ; at i, M = 781.25 ton-feet, 
at A, il/ = 868.75 " at ^, il/ = 737.50 



The maximum bending moment due to the several loads it 
can be seen at a glance on the diagram is under the load at A, 
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the point in the girder requiring the greatest amount of metal 
in the flanges. 

At A, AT = 868.75. 
A = ^^- = 48.27 square inches in the top flange. 

Construction of Flanges. — To make up the required sec- 
tion we will construct the section as follows : 

Top flange = 2 angles 5" X 3i" X H" = ^0.74 sq. inches. 

3 plates 20" X f " = 37.5 



Total, 48.24 " 

For the bottom flange we deduct the rivet-holes, then using 
{"-diameter rivets and allowing J" more, we have for one hole 
H" + t" + *" + r' X I" = f+"» for two holes fi X 2 = 
^ = 5^ square inches, to be added to the bottom flange at A, 
or 48.24 -j- 5.125 = 53.365 square inches. 

Bottom flange = 2 angles 5" X 3i'' X H" = 10.74 sq. inches. 

2 plates 20" X i" = 30.00 " 

I " 20" X f" = 12.5 " 



53.24 

^ebs. — ^To find the shear on the web at R\ the centre of 
moments is taken at R. 

Then R' X 40 = 20 X 5 + 60 X 15 + 50 X 30 + 30 X 35» 
from which K = 88.75 tons = 177,500 pounds. 

In like manner to find i?, the centre of moments is taken 
at R\ 

Then ^ X 40 = 30 X 5 + 5o X 10 + 60 X 25 + 20 X 35. 



86 COMPOUND RIVETED GIRDERS. 

from which R = 71.25 tons or 142,500 pounds. As a check, the 
sum of K and R is seen to be 160 tons, which is the sum of 
the four loads. 

The thickness of web is then determined by the greatest 
shear. 



A*^'''=^^f^ = -''''''^*'"'^' 



Having two webs, each will be yV' thick. 

StifTeners. — To determine whether we require stiffeners : 
Safe resistance to buckling 



1 0000 

= 3069 pounds per square inch. 



I + J^ X 36 



3000 X iV X A 



Having adopted 6000 lbs. per square inch for safe shearing, 
the webs will require to be stiffened at the bearings, also under 
each concentrated load and between W^ and W^ , W^ and R' 
support, two stiffeners between W^ and W^ , and one between 
W^ and R support. Between loads W^ and W^ there is very 
little shear (see diagram Fig. ). 

By riveting 4" X 4'' X jV" angeles on the outside of webs, 
we have for the thickness of each web ^" + ^" = ^". 

Then the formula becomes 

lOOOO 

— — — = 6392 lbs. per square inch. 

^+3000XiiXii 

Rivets. — Using |-inch-diameter rivets, the safe shear per 
square inch from table equals 4510 lbs. 
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The maximum bending moments at h : 

M = 868.75 ton-feet. 

Horizontal strain = — = 289.58 tons or 579>i6o pounds. 

3 

This divided by 4510= 128 rivets, to be placed a distance of 
180 in one or 360 inches in both webs, spaced about 2\\ 
inches from hto R support. 

The maximum bending moment at 1 : 

M = 781.25 ton-feet. 
Horizontal strain = - — — ^ = 260.41 tons or 520,820 pounds. 

This divided by 4510 = 115 rivets, to be placed a distace 
of 180 in one or 360 inches in both webs, spaced about 3 J 
inches from i to R support. 

The rivets between h and i to be spaced 6 inches centres. 

Flange Plates Reduced in Area towards the Sup- 
ports. — Draw the Diagram Fig. 43 equal and similar to the 
polygon Fig. 42, a, b, c^ d, e^ and / representing the bending 
moments due to the sum of all the loads at the points^, hy /, and k. 

Draw the rectangle RCER', Then from F place the scale 
at any angle, as at Fe^ until it measures 48.2 square inches of 
the top flange. For two angles set off 5.37 square inches each at 
a and b\ three plates 20" X f" or 12.5 square inches each at 
c, d, and e. Horizontal lines drawn from a, i, c, d, and e to the 
polygon and carried down to base line RR' will give the position 
of plates in each flange. 

The angles and adjoining plates to extend the full length 
of girder. 
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The plates to extend over the calculated lengths equal to 
four cross-lines of rivets. 




Fig. 43. 

Graphical Representation of the Bending Moments 
and the Shearing Forces for Four Concentrated Loads. 

— We have in this example a girder of 40 feet span to sustain 
concentrated loads of 20 tons 5 feet and 60 tons 15 feet from 
R support, 50 tons 10 feet and 30 tons 5 feet from K support. 
Set the given loads W^y W^^ W^, and W^^, Fig. 44, off in 
succession along a line PP ': W^ of 20 tons at i, W^, of 60 tons 
at 2, W^ of 50 tons at 3, and W^^ of 30 tons at 4. The line PP" 
is thus the polygon of the forces W^, fF, , H^, , and W^, and 
PP^, its closing line, is their resultant. Take any point O as 
pole, equal to ten Units of the scale adopted^ and draw the radii 
jOP^ 0\y O2, 03, O4. Then describe the funicular polygon 
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abcdefy by drawing ab parallel to OP^ terminating in W^ pro- 
duced ; be parallel to Oi, cd parallel to (?2, de parallel to 03, ef 
parallel to ^4, terminating in the prolongation of R down- 



^ g) 




Pig. 44. 



wards. The funicular polygon is now closed by the line fa^ 
and a line OS is drawn through the pole O paralld to fa. 
Then as a condition of equilibrium 

the reaction at ^ = PS, and at K = SP. 



The bending moments at any point in the girder can be meas- 
ured by the ordinates of the funicular polygon multiplied by 
the pole distance OH. 

The shearing forces on the webs to be measured from the 
hatched figure. 
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Example VIII. 

STEEL GIRDER SUPPORTING FIVE CONCENTRATED LOADS. 

In this example the calculations for the shear on the webs 
and the transverse strains at any cross-section of the girder will 
be purely graphical. 

Example : What metal area would be required in the 
flanges of a steel box girder of 50 feet span, 4 feet in depth, to 
sustain the following concentrated loads : 30 tons 10 feet, 40 
tons 15 feet, 60 tons 20 feet from left support, 100 tons 20 
feet and 50 tons 10 feet from right support? 

7 tons unit strain per square inch for the flanges, and 7000 
pounds safe shear per square inch on the webs. 

Draw the diagram representing the girder. Fig 47, to a 
scale of \ of an inch per foot, with two supports and loaded 
with W^y W^y W^y W^, and W^ , representing each concentra- 
ted load respectively. 

Set the given loads off in succession along the line PP^ by 
same scale, equal to 10 tons per foot : fF, of 30 tons 3 feet at 
I ; W^of 40 tons 4 feet at 2 ; W^oi 60 tons 6 feet at 3 ; W^oi 100 
tons ID feet at 4 ; W^ of 50 tons 5 feet at 5. The line PP' is 
then the polygon of the forces W^ . . . W^, and P^Py its closing 
line, their resultant. 

Take any point O as pole, say 10 feet distant from PP^y and 
draw the radii OP, Oi, O2, 03, 04, and 0$. Then describe 
the funicular polygon abcdefgy by drawing ah parallel to OPy 
terminating in W^ produced ; be parallel to (9i, terminating in 
the prolongation of ff^, . . . ; and finally y^ parallel to 05, ter- 
minating in the prolongation downwards of K. 

Close the funicular polygon by the line ^a^ and draw 
through the pole O a line OS parallel to ga. 
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Then the reaction at R will equal the distance measured 
from 5 to /*, and the reaction at R' the distance from 5 to /*" ; 
or, the shearing forces are equal to the distances of the various 
points of the funicular polygon of forces from S. Accordingly 
the sHearing lorces have been taken from the polygon of forces 




and used as segments of PP', to which they correspond ; thus 
the hatched figure is obtained which is termed the "shearing- 
force diagram." 

The shear on the web by scale : 

At ^ = 13 feet 9ft inches,* or 13.8 X 10 = 138 tons. 

At R' = 14 " 2% " " 14,2 X 10 = 142 " 



* To facilitate the calculation it would be well to adopt a scale in b 
Instead of in feet and inches. 
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Then the thickness of webs at Ry 

T = —- = .821, say I inch. 

48 X 7000 ^ ® 

The girder having two webs, each will be 1^ of an inch 
thick. 

A^ ^'' ^ = ^^^ = -^^S. say i inch. 

Each web will therefore require to be -^ of an inch thick from 
end to end, and 48 inches in depth. 
To repeat : 

The shear under load W^ = • . . 138 tons. 

" W^ = 138 — 30 = 108 " 
W,= 138 -(30+ 40)= 68 
W^ =142 — 50 = 92 " 
W,=i 142 " 

From the above it will be noticed that the thickness of 
webs would vary from each concentrated load towards the 
supports ; if they were proportioned accordingly, it is doubtful 
whether the saving in iron would compensate for the additional 
splicing, punching, and riveting; in very large girders there 
would be, but for girders 4 feet in depth and under it is hardly 
practicable. 

Determination of the Bending Moments.— The maxi- 
mum bending moment in the girder is at the greatest load, W^y 
and the distance by scale from e in the funicular polygon to 
the closing line £^a measures 23 feet 4|f inches, or 23' 4''. This 
multiplied by 10 (as we adopted a scale of 10 tons per foot), 
and again by the pole distance, 10, {01/,) = 2340 ton-feet. 

Area of flange = -^T" = 83-57 square inches at W^. 

4x7 



« 


« 


<( 


(( 


t( 


« 


(< 


<( 


<( 


« 


t( 


(( 



94 COMPOUND RIVETED GIRDERS, 

At W^, M measured from b to the line ^^ = 13 feet gf 
inches, or 13.8 X 10 X 10 = 1380 ton-feet. 

A = — — = 49 square inches. 
4X7 ^ 

At W^^ M measured from C= 19 feet 2| inches, or 19.2 
X 10 X 10 = 1920 ton-feet. 

A = — — = 68.57 square inches. 
4X7 

At W^y M measured from Z? = 22 feet 7^ inches, or 22.6 
X 10 X 10 = 2260 ton-feet. 

. 2260 o .. • u 

A = = 80.7 square inches. 

4X7 

At W^y 3f measured from/= 14 feet 2| inches, or 14.2 X 
10 X 10 = 1420 ton-feet. 

A = = 50.7 square inches. 

4X7 ^ 

Construction of Flanges. — To make up the 83.57 square 
inches in the top flange at e^ we construct the section as 
follows : 

Top flange = 6" X 6" X H'' = 18.12 square inches. 
2 plates 24" X i" = 36.00 " 

2 " 24" X ^" = 30.00 " 






Total, 84.12 *• « 

For the bottom flange deduct two rivet-holes in the hori- 
zontal leg of the angles connecting the flange and two holes in 
the vertical leg connecting the webs, then using J-diameter 
rivets and allowing \" more, we have for one hole in the flange 

H" + i" + i" + *" + r X I" = 3A". for two holes 3^" X 
2" = ^\ inches. 
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For one hole in the vertical leg of the angle f X i = f ; 
for two holes f X 2 = I J square inches. Then for the bottom 
flange 83.57 + 7-^25 + 1.5 = 92.195 square inches. 

Bottom flange = 2 angles 6" X 6" X H" = 18.12 sq. inches. 

I plate 24'' X 4" =21.00 " " 

3 plates 24" X J" = 54.00 " " 



(( u 



Total, 93.12 

Stiffeners. — ^To determine whether we require stiflFeners : 
Safe resistance to buckling for steel 

iiooo ,, . , 

= -^ = 2200 lbs. per square inch. 

J I 48X48 ^ ^ 

"^ 3000 X A X A 

Having adopted 7000 pounds per square inch for shearing, 
the webs will require to be stiffened at the bearings, under 
each concentrated load ; one stiflener between R and W^ , one 
stiflener between W^ and W^ , and two between W^ and R' sup- 
port. 

By riveting 5 X 5 X J angles on the outside of the webs 
at the above points, we have for the thickness of each web 

I + A = i* inches. 
Then the formula 

= 7448 lbs. per square inch. 



~ 48 X 48 

^ + 3000 X I* X H 

Rivets. — Using ^-inch-diameter rivets, the safe shear per 
square inch equals 4510 pounds. 

The maximum bending moment at ^ : 

M = 2340 ton-feet. 
Horizontal strain = -^ = 585 tons or 117,000 pounds. 
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This divided by 45 lO = 259 rivets, to be placed a distance 
of 240 inches in one or 480 inches in both webs, spaced about 
i\ inches (staggered) from e to R support. 

From E to R support the 259 rivets to be placed a distance 
of 360 inches in one or 720 inches in both webs, spaced about 
2\^ inches. On account of the greatest horizontal increments 
of strain in the web at the supports, the rivets should be spaced 
closer as the ends are approached. 

Area of Flanges reduced towards the Supports. — 

• 

Construct the diagram Fig. 48 by drawing the polygon 
RBCDGR similar to the funicular polygon, Fig. 47. 




Pig. 48. 

From a point on the closing line RR' directly under the 
maximum bending moment at F draw FD. At F place the 
scale at any angle, as at Fg, on a horizontal line DD\ until it 
measures 83.57 square inches of the top flange^ For two angles 
set off 8.61 square inches each at a and b ; two plates 24 X }, or 
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18.36 square inches, each at c and d\ two plates 24 X f, or 15.3 
square inches, each at e and /. The additional inch in the top 
plate extends beyond the line D'D. Horizontal lines drawn 
from ab . ,,fXo FDy then to the polygon parallel to RBCDGR', 
and carried up to the base line RR\ will give the position of 
the plates in both flanges. 

The angles and adjoining., plates to extend the full length 
of girder. . 

The other plates of the flanges to extend longer than the 
calculated distance, as previously explained. 

A Cantilever Girder. — A simple girder is a girder resting 
upon two supports ; a cantilever girder rests upon one support, 
in its middle, or the portion of any girder projecting out of a 
wall or beyond a support. 

We have so far considered the effect of loads on girders 
supported at each end. 

The bending moment of a girder resting on one support, as 
a cantilever, is equal to the weight multiplied by the distance 
from the weight to the support, or 

The bending moment zX. any point in the girder when the 
weight is at the end is equal to the weight multiplied by the 
distance from the support minus the distance from the support 
to point desired, or 

Suppose we have the cantilever Fig. 49, loaded at the end 
with W. Then will the bending moment at any section, as at 
X. be obtained by multiplying Why bx\ that at RF being WL. 

If now we lay off FD to scale to represent this, and join D 
with the end of girder, then will any ordinate, as x or y^ repre- 
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sent (to the same scale) the bending moment at a section x 
ox y. 

The strains in top and bottom flanges are reversed to those 
in a simple girder supported at both ends — ^the bottom flange is 




Fig. 49. 



in compression, while the top is in tension ; but the calculations 

for the rivets, buckling and shearing of the webs are the same. 

The shear on the web will be equal to the total load, or 

5= W. 



Girder fixed at one End supporting a Uniformly 
Distributed Load. — If we have a uniformly distributed load, 
we would have for the line corresponding to FD a curve 
(concave), or 



3f = 



WL 



Then any ordinate, as ;r or j^, drawn to the curved line will 
represent the bending moments at the corresponding point of 
the girder. 

The shearing stress will equal the total load the same as 
before. 
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Girder fixed at one End and supporting Two or 
More Loads. — When we have more than one load on the 
girder we must draw the line D to W lor each load separately, 
and then find the actual bending moment at any point by tak 
ing the sum of the ordinates (drawn from that point) of each 
of these separate straight lines or curves. 

If we then draw a new curve whose ordinates are these 
sums, we shall have the actual bending moments for the girder 
as loaded. 

The Relative Strength of Cantilever and Simple 
Beams. — The following table exhibits the most important 
results relating to the relative strength of cantilever and simple 
girders : 



Uniform Cross-section. 


Maximum 

Vertical 

Shear. 


Maximum 
Bendins^ 
Moment. 


Maximum 
Deflection. 


Relative 
Strength. 


• 

Cantilever, load at end 


W 

W 

\W 


WL 


I WL^ 
3 EI 

I WL^ 
8 EI 

I WD 
48 EI 

5 IV L^ 
384 EI 


I 


Cantilever uniformly loaded 

Simple girder, load at centre 

Simple girder uniformly loaded. . 


16 
*5f 



W = load in inches; L = span in inches; E — modulus of elasticity in 
pounds-inch; / = moment of inertia of cross-section in inches. 

Experiments on riveted girders have given moduli of elas- 
ticity considerably lower than, for solid sections, as I beams. 
Owing, however, to imperfections in riveting, etc., the compound 
section will deflect much more. 

Therefore about 1 5 per cent less than that adopted for the 
solid section should be used, say 22,000,000 for wrought-iron 
and 24,000,000 for steel, 27,000,000 and 29,000,000 being the 
average for solid sections. 



lOO COMPOUA'D RIVETED GIRDERS. 

The Moment of Inertia for Rectangular Sections, such 
Compound Riveted Girders, as Fig. 50 and Fig. 51. 




Fig. 50, / = 



'ra. JO, Pio. 51; 

bd' — bd; — b..d* - b,„dj 



Fig. 51,/ = - 



= i of an inch, i, = :) inch. The same applies to — , 



\4 <J 14 ^ tf 
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PART IV. 

TABLES. 

AVERAGE WEIGHT, IN POUNDS, OF A CUBIC FOOT OF 

VARIOUS SUBSTANCES 

Aluminum, 162 

Anthracite, solid, of Pennsylvania, ^3 

broken, loose, ^a 

heaped bushel, loose, (80) 

Ash, American white, dry, 38 

Asphaltum, 87 

Brass, (Copper and Zinc,) cast, , , 504 

•* rolled, 524 

Brick, best pressed, Z50 

** common hard, Z25 

" soft, inferior, lOO 

Brickwork, pressed brick, X40 

*' ordinary, 1 12 

Cement, hydraulic, ground, loose, American, Rosendale, .... 56 

Louisville, .... 50 

" English, Portland 90 

Cherry, dry, 42 

Chestnut, dry, 41 

Clay, potter's, dry, Z19 

*' in lump, loose, • . . -63 

Coal, bituminous, solid, . . . . • • . . . . 84 

broken, loose, 49 

heaped bushel, loose, (74) 

Coke, loose, of good coal, 62 

" ** heaped bushel, (40) 

Copper, cast, 542 

rolled, 548 

Earth, common loam, dry, loose, 76 

*• ** ** *' moderately rammed, 95 

" as a soft flowing mud, 108 

Ebony, dry, 76 

Elm, dry, 35 

Flint 162 

Glass, common window, :. 157 

Gneiss, common, . . • . • 168 

lOI 
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102 WEIGHT OF A CUBIC FOOT OF VARIOUS SUBSTANCES, 

<jold, cast, pure, or 24 carat, «... 1204 

'* pure, hammered, 1217 

Granite, 170 

Gravel, about the same as sand, which see. 

Gypsum (plaster of paris), . . . c 14^ 

Hemlock dry, 25 

Hickory, dry, 53 

Hornblende, black, 203 

Ice, 58.7 

Iron, cast, • 450 

wrought, purest, 485 

'' *' average, 480 

Ivory, 114 

Lead, 711 

Lignum Vitae, dry, 83 

Lime, quick, ground, loose, or in small lumps, 53 

** thoroughly shaken, 75 

** per struck bushel, . . . . . . (66) 

Limestones and Marbles, 168 

•* " *' loose, in irregular fragments, . • . . 96 

Magnesium, 109 

Mahogany, Spanish, dry, 53 

** Honduras, dry, 35 

Maple, dry, 49 

Marbles, see Limestones. 

Masonry, of granite or limestone, well dressed, 1^5 

** mortar rubble, 154 

dry " (well scabbled,) ••..,. 138 

" sandstone, well dressed, 144 

Mercury, at 32* Fahrenheit, 849 

Mica, •••••.. 183 

Mortar, hardened, Z03 

Mud, dry, close, • 8oto zio 

'' wet, fluid, maximum, Z20 

Oak, live, dry, •••SP 

" white, dry, 50 

" other kinds, . • • • • • « . « • 32 to 45 

Petroleum, ••• '55 

Pine, white, dry, ••••••••••.25 

yellow. Northern, , . . 34 

Southern, 45 

Platinum, 134* 

Quartz, common, pure, Z65 

Rosin, ..do 

Salt, coarse, Syracuse, N. Y., . • • • 4c 

** Liverpool, fine, for table use, • • 49 



4< 






WEIGHT OF A CUBIC FOOT OF VARIOUS SUBSTANCES.lo^ 



Sand, of pure quartz, dry, loose, • 
*' well shaken, . . , , 
** perfectly wet, . . • . 

Sandstones, fit for building, 

Shales, red or black, .... 

Silver, 

Slate, 

Snow, freshly fallen, .... 
'* moistened and compacted by rain, 

Spruce, dry, ..... 

Steel 



Sulphur, 

Sycamore, dry, 

Tin, cast _ . 

Turf or Peat, dry, unpressed, 

Walnut, black, dry, ...» 

Water, pure rain or distilled, at 60" Fahrenheit, 

*' sea, 

Wax, bees, . • • • « 

Zinc or Spelter, • • • e 



90 to 106 

99 to 117 

Z20 to 140 

162 
. 655 

5 to 12 

15 to 50 

25 
490 

37 
62 



459 
20 to 30 

38 

62i 

64 
60.5 

43 7 



104 



WEIGHT OF RIVETS IN POUNDS, 



WEIGHT OF 100 RIVETS IN POUNDS. 



^ . «_ « 




Diameter of Rivet in Inches 


• 




Len^of 












Rivet 














in Inches 














under Head. 


♦ 


i 


♦ 


i 


J 


I 


li 


5.4 


12.5 


21.2 


28.0 


42.5 


64.6 


li 


5.9 


13.1 


22.4 


295 


44.6 


67.3 


li 


6.3 


13.7 


23- 5 


31.0 


46.7 


69.9 


I* 


6.7 


14.4 


24.7 


32.7 


48.9 


72.8 


If 


7.0 


15.1 


26.0 


34.2 


51.0 


75.0 


It 


7.3 


15.8 


27.1 


35.6 


53-3 


77.8 


2 


7.6 


16.5 


28.3 


37.0 


55.2 


81.3 


2i 


7.9 


17.2 


29.6 


38.4 


57.5 


84.1 


2f 


8.3 


17.8 


31.0 


39-8 


59.5 


86.9 


2| 


8.8 


18.4 


32.1 


41.5 


61.7 


89.5 


2i 


9.1 


19. 1 


33-2 


43.2 


63.9 


92.2 


2* 


9.5 


19.8 


34.4 


44.8 


66.0 


94.8 


21 


9.8 


20.5 


35-4 


46.1 


68.2 


97.3 


2* 


10.2 


21.2 


36.1 


47.7 


70.1 


100.0 


3 


10.6 


21.9 


370 


49.0 


72.1 


102.5 


3i 


II.O 


22.7 


382 


50.6 


74.0 


105. 1 


3i 


11.3 


23.4 


39- 1 


52.1 


76.2 


107.8 


3l 


II. 7 


24.0 


40.2 


53.7 


78.5 


T10.4 


3i 


12. 1 


24.7 


41.0 


55.2 


80.2 


112. 9 


3f 


12.5 


25.3 


42.0 


56.7 


824 


115.5 


3l 


12.8 


26.0 


42.9 


58.1 


84.3 


118.0 


3l 


13.2 


26.6 


44.1 


60.0 


86.5 


1 20.6 


4 


13.6 


27.2 


45.1 


61.5 


88.7' 


123.2 


4i 


14.0 


28.0 


46.2 


63.2 


91.0 


125.7 


4i 


14.4 


28.9 


47.1 


65.1 


93-4 


128.3 


4l 


14.9 


295 


48.0 


66.6 


95.1 


131-0 


4i 


15.3 


30 2 


48.9 


68.0 


97.3 


133.6 


4f 


15.7 


30.9 


49.8 


69.2 


99-5 


136.2 


4f 


16. 1 


31.6 


51.0 


70.9 


lOI.I 


138.8 


4* 


16.5 


32.2 


52.1 


72.5 


103.4 


141.3 


5 


17.0 


32.9 


53.3 


74.2 


105.2 


144.0 


5i 


17.6 


33-6 


55.6 


77.2 


109.8 


150.0 


Si 


18.2 


35.1 


56.8 


80.3 


114.1 


155.7 


5* 


18.9 


36.6 


58.0 


83.2 


118.0 


16 1.0 


6 


19.7 


37.7 


59-9 


86.1 


122.7 


166. 1 



WEIGHT OF TWO (2) RIVETHEADS IN POUNDS. 



Before driving 036 

After driving 031 



i 


f 


* 


J 


I 


.114 


.218 


.268 


^444 


.76 


.080 


.160 


.260 


.440 


.64 



WEIGHT OF BODY PER INCH OF LENGTH. 



Before driving 031 



.054 



.085 



123 



.167 



.2x8 



DECIMAL EQUIVALENTS FOR FRACTION OF A FOOT. 105 



DECIMAL EQUIVALENTS FOR FRACTIONS OF A FOOT. 



A 


.0052 
.0104 
.0156 


3A 
3A 


.2552 
.2604 
.2656 


6A 


.5052 
.5104 

.5156 


11^ 

9A 


.7552 
.7604 

.7656 


i 
A 
\ 


0208 
.0260 
.0312 


3i 

3A 

3f 


.2708 
.2760 
.2812 


6i 

If 


.5208 
.5260 
.5312 


9i 

9A 

9» 


.7708 
.7760 
.7812 


A 
i 

A • 


.0364 

0417 
0469 


3A 

3i 

3A 


.2865 

.2917 
.2969 


6A 


.5364 
.5411 
.5469 


9A 
9A 


.7865 

.7917 
.7969 




0521 

0573 
0625 


3» 

f 


.3021 

.3073 
.3125 


6» 


•5521 

.5573 
.5625 


9» 

9H 

9* 


.8021 
.8073 
.8125 


1? : 


0677 
0729 

0781 


3H 

3* 

31* 


.3177 
.3229 

.3281 


6$* 
HI 


.5677 
•5729 
.5781 


9« 

9* 

9lf 


.8177 
.8229 

.8281 


I 

lA 


.0833 
0885 

0937 


4 

4A 

4i 


.3333 
.3385 
.3437 


k 


.5833 
.5885 
.5937 


10 


.8333 
.8385 
.8437 


lA . 
>A • 


.0990 
1042 
1094 


4A 


.3490 
.3542 

.3594 


7A 


.5990 
.6042 

.6094 


loA 
loA 


.8490 
.8542 

.8594 


If 

lA 


1 146 
.1198 
.1250 


4l 

4A 
4i 


.3646 
.3698 

.3750 


7* 

7A 
7i 


.6146 
.6198 
.6250 


lOf 

loA 


.8646 
.8698 
.8750 


lA 


.1302 

1354 
1406 


4A 
4f 

4tt 


.3802 

.3854 
.3906 


7ii 


.6302 

•6354 
.6406 


loA 


.8802 

.8854 
.8906 


lit 


.1458 

.1510 

1562 


4f 

4« 

4i 


.3958 
.4010 
.4062 


71 


.6458 
.6510 
.6562 


lot 
loU 


.8958 
.9010 
.9062 


2 

2lV 


.1615 
1667 

.1719 


4tt 

5 

5tV 


.4114 
.4167 
.4219 


8A 


.6615 
.6667 

.6719 


loJJ 
II 

"A 


.9115 
.9167 
.9219 


2i 
2i 


1771 
1823 

.1875 


^5? 


.4271 
.4323 
.4375 


8i 

8A 

8i 


.6771 
.6823 

.6875 


Hi 


.9271 
•9323 

•9375 


2tV 
2| 

2A ■ 


.1927 

1979 
2031 


5A 

5l 

5A 


.4427 
.4479 
.4531 


8A 

^\ 
8A 


.6927 
.6979 
.7031 


"A 
III 

"A 


.9427 

•9479 
•9531 


2i 

2A 

2f 


.2083 

.2135 
2187 


5i 
5A 

5* 


.4583 

.4635 
.4688 


8i 
8A 

81 


.7083 

.7135 
.7187 


"A 
III 


.9583 

•9635 
.9687 


2H 

2* 

2H 


2240 
2292 

.2344 


5H 

5* 

5« 


.4740 

.4792 
.4844 


8H 
8* 

8« 


.7240 
.7292 
.7344 


"ii 
11} 


.9740 

•9792 
.9844 


2i 
2H 

3 


.2395 

.2448 

2500 


5i 
6 


.4896 

.4948 
.5000 


8f 

8« 

9 


.7396 
.7448 
.7500 


12 


.9896 

.9948 
1. 000 



IcO DECIMAL EQUIVALENTS FOR FRACTIONS OF AN INCH. 



NUMBER OF U. S. GALLONS (231 CUBIC INCHES) CONTAINED 

IN CIRCULAR TANKS. 



0. V 

Q'.S 


I 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Dia. 


Gals. 


Gals. 


Gals. 


Gals. 


Gals, 


Gals. 


Gals. 


Gals. 


Gals. 


Gals. 


In. 
20 

24 

26 

28 

30 

36 

42 

45 
48 

50 

54 
60 

66 

72 

84 


16.32 
^3.50 
27.58 

31 -99 

36.72 

52.88 

71.96 

82.62 

94.02 

102.00 

119.00 

146.90 

177.70 
211.50 
287.80 


32.64 
47.00 
55.16 
63.98 

73-44 
105 . 76 

143.92 
165.24 

188.04 

204.00 

238.00 

293 . 80 

355-40 
423.00 

575-60 


48.96 

70.50 

82.74 

95.97 
no. 16 

158.64 
215.88 
247 . 86 
282.06 
306.00 
357.00 
440.70 
533.10 
634.50 
863.40 


65.28 
94.00 
110.32 
127.96 
146.88 
211.52 
287.84 
330.48 
376.08 
408.00 
476.00 
587.60 
710.80 
846.00 
II51.20 


81.60 
117.50 
137.90 

159-95 
183.60 

264 . 40 

359.80 

413-10 

470.10 

510.00 

595.00 

734-50 

888.50 

1057.50 

143^.00 


97.92 

141.00 

165.48 

191.94 

220.32 

317.28 

431-76 

495-72 

564.12 

612.00 

714.00 

881.40 

1066.20 

1269.00 

1726.80 


• 

114.24 
164.50 
193.06 
223.93 

257.04 
370.16 

503 - 72 

578.34 
658.14 
714.00 
833-00 
1028.30 

1243-90 
1480.50 
2014.60 


130.56 
188.00 
220.64 

255-92 
293.76 

423.04 

575-68 

660.96 

752.16 

816.00 

952.00 

1175-20 

1421.60 

1692.00 

2302.40 


146.88 

211.50 

24S . 22 

288.91 

330.48 

-475.92 

647.64 

743-58 

846.18 

918.00 

1071.00 

1322.10 

1599.20 

1903-50 

2590.20 


163.20 

235.00 

275 . 80 

319.90 

367.20 

528.80 

719.60 

826.20 

940 . 20 

1020.00 

1190.00 

1469.00 

1777.00 

2115.00 

2878.00 



DECIMAL EQUIVALENTS FOR FRACTIONS OF AN INCH. 



Frac- 
tion. 


Decimal. 


Frac- 
tion. 


DecimaL 


1 

Frac- 
tion. 


Decimal. 


Frac- 
tion. 


Decimal. 


ix 


.015625 


H 


.265625 


H 


.515625 


il 


.765625 


^ 


.03125 


A 


.28125 


H 


.53125 


if 


.78125 


A 


.046875 


U 


.296875 


H 


. 546875 


u 


.796875 


A 


.0625 


A 


.3125 


A 


.5625 


« 


.8125 


A 


.078125 


H 


.328125 


H 


.578125 


fi 


.828125 


A 


.09375 


tt 


.34375 


il 


" 59375 


H 


.84375 


A 


.109375 


tt 


.359375 


1} 


.609375 


fi 


.859375 


i 


.125 


« 


.375 


i 


.635 


i 


.875 


A 


. 140625 


H 


.390625 


tt 


640685 


H 


.890625 


A 


.15625 


U 


.40625 


H 


65625 


tt 


.90625 


H 


.171875 


a 


.421875 


« 


671375 


If 


.921875 


A 


.1875 


A 


.4375 


tt 


6875 


« 


.9375 


n 


.203125 


H 


.A53125 


« • 


703125 


H 


.953125 


A 


.21875 


a 


.46875 


H 


71875 


H 


.96875 


H 


.234375 


tt 


.484375 


H 


734375 


H 


.984375 


i 


.25 


i 


•5 


i 


75 







TABLE OF CIRCULAR CAST-IRON COLUMNS. 
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TABLE OF SQUARE CAST-IRON COLUMNS, 



WEIGHT OF SQUARE CAST-IRON COLUMNS IN POUNDS PER 

LINEAL FOOT. 















1 in inches 


(. 






a 




Thickness of Metal 






f 


f 


i 


1 


li 


li 


If 






b 


I 


li 


2 


aa-^ad 




















« 
13 


18.6 


21. 1 


233 

28.7 

34-2 


25.0 

31-3 
37.5 


26.4 

33-4 
40.4 


27.3 
35.1 
43.0 


1 

28.1 






14 
16 


22.5 

26.4 


25.8 
30.5 


37.5 
46.9 


• 




49.2 


50.0 


18 


30-3 


35.2 


39-7 


43-8 


47.4 


50.8 


56.3 


60.2 


62.5 


20 


34.2 


39.8 


45.1 


50.0 


54-5 


58.6 


65.6 


71. 1 


75-0 


22 


38.1 


44-5 


50.6 


56.3 


61.5 


66.4 


75.0 


82.0 


87.5 


24 


42.0 


49.2 


56.1 


62.5 


68.5 


74.2 


84.4 


93.0 


100. 


26 


45-9 


53-9 


61.5 


68.8 


75.6 


82.0 


93-8 


103.9 


112. S 


28 


49.8 


58.6 


67.0 


75-0 


82.6 


89.8 


103. 1 


114. 8 


125.0 


30 


53.7 


63.3 


72-5 


81.3 


89.6 


97-7 


112. 5 


125.8 


137.5 


32 


57.6 


68.0 


77.9 


87.5 


96.7 


105.5 


121. 9 


136.7 


150.0 


34 


61.5 


72.7 


834 


93-8 


103.7 


113. 3 


131. 3 


147.7 


162.5 


36 


65.4 


77-3 


88.9 


100. 


no. 7 


121. 1 


140.6 


158.6 


I75-0 


38 


69.3 


82.0 


94.3 


106.3 


117. 8 


128.9 


150.0 


169.5 


187.5 


40 


73.2 


86.7 


99.8 


112. 5 


124.8 


136.7 


159 4 


180.5 


200.0 


42 


77.1 


91.4 


105 3 


118. 8 


131.8 


144.5 


168.8 


191. 4 


212.5 


44 


81.0 


96.1 


no. 8 


125.0 


138.8 


152.3 


178. 1 


202.3 


225.0 


46 


84.9 


100.8 


116. 2 


131-3 


145-9 


160.2 


187.5 


213.3 


237.5 


48 


88.8 


105.5 


121. 7 


137.5 


152.9 


168.0 


196.9 


224.2 


250.0 


50 


92.8 


no. 2 


127.2 


143.8 


159.9 


175-8 


206.3 


235.2 


262. s 


52 


96.7 


114. 8 


132.6 


150.0 


167.0 


183.6 


2it,.6 


246.1 


275.0 


54 


100.6 


119. 5 


138. 1 


156.3 


174.0 


191. 4 


225.0 


257.0 


287.5 


56 


104.5 


124.2 


143.6 


162.5 


181. 


199.2 


234.4 


268.0 


300.0 


58 


108.4 


128.9 


149.0 


168.8 


188. 1 


207.0 


243.8 


278.9 


312.5 


60 


T12.3 


133.6 


154-5 


175.0 


195 -I 


214.9 


253-2 


289.8 


325.0 


62 


116. 2 


138.3 


160.0 


181. 3 


202.1 


222.7 


262.5 


300.8 


337-5 


64 


120. 1 


143.0 


165.4 


187.5 


209.2 


230.5 


271.9 


311. 7 


350.0 


66 


124.0 


147.7 


170.9 


193.8 


216.2 


238.3 


281.3 


322.7 


362.5 


68 


127.9 


152.3 


176.4 


200.0 


223.2 


246.1 


290.6 


333.6 


375.0 


70 


131. 8 


1570 


181. 8 


206.3 


230.3 


2539 


300.0 


344-5 


387-5 


72 


135.7 


161. 7 


187.3 


212.5 


237.3 


261.7 


309.4 


355.5 


400.0 


74 


139.6 


166.4 


192.8 


218.8 


244-3 


269.5 


318.8 • 


366.4 


412.5 


76 


143-5 


171. 1 


198.3 


225.0 


251.3 


277.3 


328.1 


377.3 


425.0 


78 


147.4 


175.8 


203.7 


231.3 


258.4 


285.2 


337.5 


388.3 


437.5 


80 


151. 3 


180.5 


207.2 


237.5 


265.4 


293.0 


346.9 


399-2 


450.0 



* a and b = either side. 2^2 + 2^ = number. 

Example. What is the weight per lineal foot of a 12" X 16" X i" thick 
column ? 

Ans. 2fl+ 2^ = 24 + 36 = 56. Opposite this number, under i-inch thick 
metal, we find 162 5, or weight per lineal foot of a 12" X 16" X i" thick column. 

Note. — For flanges, brackets, etc., calculate the cubical contents of same 
and multiply by .26*; cast iron averaging 450 pounds per cubic foot. 
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WEIGHT PER FOOT OF FLAT IRON. 

(For weight per foot of steel add a per cent.) 











THICKNESS IN FRACTIONS 


OP INCHES. 








Bre 

in ill 


A 


i 


A 


i 


A 


\ 


A 


i 


A 


♦ 


H 


I 


.208 


•417 


.625 


.833 


1.04 


1^25 


X 46 


1.67 


X.88 


2.08 


3.39 


It 


•334 


.469 


•703 


•938 


1. 17 


I -41 


1.64 


\% 


3. XX 


a. 34 


a.58 


li 


.260 


.521 


.781 


X.04 


1.30 


x.56 


X.83 


a. 34 


3.60 


a. 86 


It 


.286 


•573 


.859 


1. 15 


1-43 


1.73 


3.01 


3.39 


a.58 


3.86 


3.15 


li 


.313 


.625 


.938 


125 


I 56 


1.88 


3.19 


a. 50 


3.81 


3.13 


3.44 


x| 


•339 


.677 


Z.03 


X.36 


1.69 


3.03 


3.37 


a. 71 


3.05 


3-39 


3-73 


»t 


.365 


.729 


I 09 


X.40 


X.83 


a. 19 


a. 55 


3.93 


3.28 


3-65 


4.0X 


'1 


• 391 


.781 


X.I7 


X.56 


X.95 


2.34 


a. 73 


3.1a 


3.51 


3-91 


4.30 


3 


.417 


•S^l 


1.25 


x.67 


3.08 


3.50 


3.93 


3-33 


3-75 


4.17 


^'t 


ai 


•443 


.886 


1-33 


1-77 


3. 31 


a. 65 


3.10 


3-54 


398 


4.43 


4-87 


a* 


.469 


.938 


1-41 


1.88 


3.34 


3.81 


3-a8 


3 75 


4.33 


4.69 


5.16 


at 


•495 


.990 


1.48 


1.98 


2.47 


3.97 


3.46 


3-96 


4.46 


4.95 


5.44 


3i 


.521 


X.04 


1.56 


3.08 


3.60 


3.13 


3.65 


*'Z 


4.69 


5. 31 


5-73 


ai 


.547 


1.09 


1.64 


a. 19 


'Zl 


3.38 


383 


438 


4.9s 


5-47 


6.0a 


H 


•573 


1.15 


1.73 


3.39 


3.86 


3-44 


4.01 


458 


5.16 


5 73 


6.30 


A 


•599 


1.30 


1.80 


a. 40 


3.00 


3-60 


4.ao 


4-79 


5-39 


5-99 


6.59 


3 


.625 


1.35 


1.88 


a. 50 


3.13 


3-75 


4.38 


5.00 


5-63 


6.35 


6.88 


3i 


.677 


1-35 


3.03 


3.71 


3-39 


4.06 


4-74 


s-i' 


6.09 


6.77 


V^^ 


3i 


.739 


1.46 


3.19 


3.93 


3-65 


438 


5.10 


5.83 


6.56 


7.39 


8.0a 


3* 


.781 


1.56 


«.34 


313 


3.91 


4.69 


5-47 


6.85 


7 03 


7.81 


8.59 


4 


•833 


X.67 


3.50 


3-33 


417 


5.00 


5.83 


6.67 


7-50 


8.33 


9- 17 


4i 


.885 


1.77 


2.66 


3-54 


4-43 


531 


6.ao 


7.08 


7.97 


8.85 


9-74 


4i 


•938 


Z.88 


2.8X 


3. 75 


4.69 


5.63 


6.56 


7.50 


!•** 


9-38 


X0.31 


4i 


.990 


1.98 


a. 97 


396 


4-95 


5-94 


6.93 


7.93 


8.91 


9-90 


xo 89 


5 


1.04a 


3.08 


3.13 


417 


52X 


6.35 


7.39 


8.33 


9-38 


10.4a 


XX. 46 


Si 


1.09 


3. 19 


3.38 


4.38 


547 


6.56 


7.66 


8.75 


9.84 


10.94 


XX. 03 


5i 


115 


3.39 


3-44 


4.58 


5-73 


6.88 


8.0a 


9.17 


10.31 


11.46 


13.60 


5* 


x.ao 


3.40 


3-59 


4-79 


5-99 


719 


8.39 


9-58 


10.78 


11.98 


13.18 


6 


1.35 


3.50 


3-75 


5.00 


6.35 


7.50 


8.75 


10.00 


XI. 35 


13.50 


13-75 


6t 


1.30 


3.60 


391 


S.3X 


6.51 


7.8X 


9. II 


X0.43 


11.72 


13.02 


14-33 


6i 


1-35 


3.71 


4.06 


5.42 


6.77 


8.X3 


9.48 


10.83 


12.19 


13-54 


14.90 


6i 


X.41 


2.8Z 


4.33 


5.63 


7-03 


8.44 


9.84 


11.35 


12.66 


14. 06 


15-47 


7 


1.46 


3.93 


4.38 


5.83 


7.39 


8.75 


X0.3I 


11.67 


1313 


14.58 


16.04 


7i 


I-5I 


3.03 


4^53 


6.04 


7-55 


9.06 


10.57 


13.08 


13-59 


15.10 


x6.6i 


7i 


1.56 


3- 13 


4.69 


6.35 


7.81 


9.38 
9.69 


10.94 


xa.50 


14.06 


15.63 


17.19 


7* 


X.61 


3^23 


4.84 


6.46 


8.07 


XX. 30 


13.93 


14.53 


16.15 


17.76 


8 


1.67 


3-33 


5.00 


6.67 


8.33 


10.00 


XI. 67 


13-33 


15.00 


16.67 


18.33 


8i 


1.72 


3-44 


5.16 


6.88 


8.59 


10.31 


Z3.03 


13-75 


15-47 


17.19 


18.91 


8i 


1.77 


354 


5.31 


7.08 


8.85 


10.63 


13.40 


14.17 


15-94 


17-71 


19.48 


8* 


1.83 


3.65 


5-47 


7.39 


9. IX 


10.94 


13.76 


14-58 


16.41 


18.23 


30.05 


9 


1.88 


3.75 


5.63 


7.50 


9-38 


11.35 


1313 


15.00 


16.88 


18.75 


20.63 


9i 


X.93 


385 


5.78 


7. 71 


9.64 


11.56 


«3-49 


15-43 


17-34 


19.27 


31. 30 


9i 


X.98 


3.96 


5-94 


7.93 


9.90 


XX. 88 


13-85 


15.83 


17.81 


19.79 


31. 77 


9» 


3.03 


406 


6.09 


8.13 


xo.x6 


13. 19 


14.33 


16.35 


18.38 


20.31 


33.34 


zo 


a.o8 


4^17 


6.35 


8.33 


10.43 


13.50 


14.58 


16.67 


18.75 


30.83 


33.92 


xo} 


2.14 


4.37 


6.41 


8.54 


X0.68 


12. 8x 


14-95 


17.08 


19.33 


31.35 


33-49 


xoi 


2.19 


4.38 


6.56 


8.75 


10.94 


13.13 


'5|* 


17.50 


19.69 


31.88 


34.06 


10* 


3.34 


4^48 


6.73 


8.96 


XI. 30 


13-44 


15.68 


17. 9J 


30.16 


33.40 


34-64 


II 


3.39 


458 


6. 88 


9.17 


11.46 


13 75 


16.04 


18.33 


30.63 


33.93 


35.31 


"i 


a-34 


4.69 


7-03 


938 


11.72 


14.06 


16.41 


18.75 


21.09 


33-44 


35.78 


II* 


2.40 


4-79 


7.X9 


9.58 


XI. 98 


14.38 


16.77 


19-17 


31.56 


33.96 


26.35 


II* 


2^45 


4.90 


7-34 


9^79 


X3.34 


14.29 


17.14 


19.58 


22.03 


34.48 


26.93 


12 


3.50 


5.00 


7.50 


XO.OO 


X3.5O 


15. 00 


17.50 


ao.oo 


22.50 


35.00 


37.50 



no 
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WEIGHT PER FOOT OF FLAT IRON— aii/i»««/. 

(For weight per foot of steel add a per cent.) 



4-1 U 


THICKNBSS IN FRACTIONS OF INCHES. 


1" 


\ 


H 


\ 


H 


1 


lA 


li 


lA 


li 


lA 


It 


I 
If 


313 

3-44 


3.71 
305 

3-39 
3-72 


3.93 
3.38 

3-65 
4. or 


3-^3 
3.5a 
3-91 
430 


3-33 
3-75 

4-17 
4.58 


3-54 
3.98 

4.43 
4.87 


3-75 
4.33 

4.16 


396 
4.45 
4-95 
5-44 


4.17 
4.69 
5.21 
5.73 


4-37 
4-92 

5-47 
6.02 


4.58 

5 16 

.5-73 

6.30 


I* 
I* 


4.06 
4.38 
4.69 


4.06 

4.40 

4-74 
5.08 


4-38 
4-74 
5- 10 

5-47 


4.69 
5-08 

5-47 
5.86 


5.00 

583 
6.85 


5-3« 

6. 30 
6.64 


5.63 
6.09 
6.56 
703 


5.94 

6.43 

6.93 
7.43 


6.25 
6.77 

7.29 
7.81 


6.56 
7. II 
7.66 
8. 30 


6.88 

7-45 
8.02 

8.59 


3 


5.00 

563 
5-94 


542 

5-75 
6.09 

6.43 


6. 30 
6.56 

6-93 


6.35 
6.64 
703 
7.42 


6.67 
7.08 
7.50 

7.93 


7.08 
7-52 
7-97 
8.41 


750 
7^97 
8.44 
8.91 


7.92 
8.41 
8.91 
9.40 


8.33 
8.85 
9 -.38 
9.90 


8.75 

9.30 

9-84 

10.39 


9.17 

9-74 
10.31 

10.89 


a* 
a* 
at 
a| 


6.35 
6.56 
6.88 
7.19 


6.77 
7. II 
7.45 
7-79 


7.39 
7.66 
8.02 

8.39 


7.81 
8. 30 

8 59 
8.98 


S-33 
8.75 
9.17 
9.58 


8.85 

9-30 

9-74 
10.18 


938 

9-84 
10.31 
10.78 


9.90 
10.39 
X0.89 
11.38 


10.43 

10.94 
11.46 
11.98 


10.94 
11.48 
13.03 
13.58 


XI. 46 
12.03 
12.60 
13.18 


1 


7.50 

8.75 
9.38 


8.13 
8.80 

9 48 
10.16 


8.75 
9.48 

X0.2I 
10.94 


9.38 
10.16 
10.94 
11.73 


10.00 
10.83 
11.67 
13.50 


10.63 
11.51 
13.40 
13.28 


11.35 
13.19 
13.13 
14.06 


11.88 
13.86 
13.85 
14.84 


13.50 

13 54 
'4.58 
X5.63 


1313 
14.33 

15.31 
16.41 


1375 
14.90 
16.04 
17.19 


4 
4i 


10.00 
X0.63 
11.25 
11.88 


10.83 
IX. 51 

X2 19 

12.86 


11.67 
12.40 

I3I3 
13-85 


13.50 
13-38 
14.06 
14.84 


13-33 
14.17 
15.00 

15-83 


14.17 
15.05 

15-94 
16.83 


15.00 

15.94 
16.88 
17.81 


15-83 
16.83 
17. 8x 
18.80 


16.67 
17.71 

18.75 
19.79 


17.50 
18.59 
19.69 
30.78 


18.33 
19.48 
30.63 

21.77 


5 


12.50 

»3.X3 

13-75 
X4.38 


13-54 
14.22 

14.90 
15-57 


14-58 

15-31 
16.04 

16.77 


15 63 
16.41 

17.19 

17.97 


16.67 

17 50 

18.33 
19.17 


17.71 

18.59 
19.48 
30.36 


18.75 
19.69 

30.63 

21.56 


19.79 
30.78 

21.77 
33.76 


20.83 
3X.88 
33.93 
33.96 


31.88 
33.97 
34.06 
35.16 


33.93 
34.06 
35.31 

26.35 


6 
6* 


15-00 

"5-63 
16.25 
16.88 


16.25 
16.93 
17.60 
18.28 


17-50. 
18.23 
18.96 
19.69 


18.7s 

19-53 
20.31 
21.09 


30.00 
20.83 
31.67 
33.50 


31.35 
33.14 
33.03 
33.91 


32.50 

23 -44 
24 38 
25.31 


23 -75 
24.74 

25.73 
36.73 


35.00 
36.04 
37.08 
38.13 


26.35 
27. 34 
28.44 
29-53 


37.50 
38 65 

39.79 

30.94 


7 

7i 
7* 
7* 


17-50 
18.13 

18.75 
19.38 


18.96 
19.64 
20.31 
30.99 


30.43 
31.15 

31.88 
33.60 


21.88 

33.66 

23-44 
34.33 


23.33 
34.17 
35.00 
25-83 


24 79 
35.68 

36.56 
27.45 


26.35 

27.19 
38.13 
39.06 


37.71 
38.70 
29.69 
30.68 


39.17 
30.31 
31-25 
32.39 


30.63 

31.72 
33.81 

33-91 


32.08 
33-23 
34.38 
35.5a 


8 
8i 


30.00 
20.63 
21.25 

31.88 


31.67 
33.34 
33.02 
23.70 


23 -33 
34.06 

34.79 
25-52 


35.00 

25-78 
36.56 

27-34 


36.67 
37.50 

28.33 
39.17 


28.33 
39.33 
30.10 

30.99 


30.00 

30.94 
31.88 
33.81 


31.67 
32.66 
33.65 
34.64 


33-33 
34.38 
35-42 
36.46 


35 00 
36.09 

37.19 
38.38 


36.67 
37.81 
38.96 
40.10 


9i 


33.50 
23.13 

23-75 
24-38 


24-38 
25-05 
25-73 
26.41 


36.35 
36.98 
37.71 
28.44 


38.13 
38.91 
39.69 

30- 47 


30.00 
30.83 

31.67 
33.50 


31.88 
33.76 
33.65 
34-53 


33.75 
3469 
35.63 
36.56 


35.63 
36.61 
37.60 
38.59 


37.50 
38.54 
39.58 
40.63 


39 38 
40.47 
41-56 
42.66 


41.25 
43.40 

43-54 
44.69 


lO 


35.00 
35.62 
36.35 
36.88 


27.08 
37.76 

28.44 
39.11 


29.17 
39.90 
30-63 

3>-35 


3»-25 
32.03 
32.81 
33-59 


33 33 
34- 17 
35.00 

35.83 


35 42 

.36.30 

37.19 
38.07 


37.50 
38.44 
39.38 
40.31 


39 58 
40.57 
41.56 
42.55 


41.67 
43.71 

43-75 
44-79 


43-75 
44.84 

45.94 
47.03 


45 83 
46.98 

48.13 
49.37 


IT 
"i 

"t 

12 


37.50 
38.13 
38.75 
39.38 
30.00 


39.79 

30.47 

3i->5 
31.83 

33.50 


33.08 
33.8s 

33-54 
34 27 
35-00 


34-38 
35. x6 

35-94 
36.72 

37.50 


36.67 
37 50 
38.33 
39 17 
40.00 


38.96 
39-84 

40.73 
41.61 

42.50 


41.25 
43.19 

43.13 
44.06 

45 00 


43.54 
44-53 
45.52 
46.51 
47.50 


45-83 
46.88 
47.92 
48.96 
50 00 


48.13 
49.23 

50 31 
51. 4» 
52.50 


50.42 
51.56 

52 71 

53 85 
55 00 
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THE CIRCUMFERENCE AND AREAS OF CIRCLES FROM 1 TO 60. 



Diam. 


Circumf. 


Area. 


Diam. 


Circumf. 


Area. 


Diam. 


Circumf. 


Area. 


1-64 


.049087 


.00019 


2. 1-16 


6.47953 


3.3410 


6. 3-16 


16 . 2970 


21.135 


1-32 


.098175 


.00077 


1-8 


6.67588 3.5466 


1-4 


16.4934 


21.648 


3-64 


.147262 


.00173 


3-16 


6.87223 3.7583 


5-16 


16.6897 


22.166 


I-16 


.196350 


.00307 


1-4 


7.06858 


3.9761 


3-8 


16.8861 


22.691 


3-32 


.294524 


.00690 


5-16 


7 . 26493 


4.2000 


7-16 


17.0824 


23.221 


1-8 


.392699 


.01227 


3-8 


7.46128 


4.4301 


1-2 


17-2788 


23.758 


5-32 


.490874 


.01917 


7.16 


7.65763 


4 . 6664 


9-16 


X7-4751 


24.301 


3-16 


.589049 


.02761 


1-2 


7.85398 


4.9087 


5-8 


17.6715 


24.850 


7-32 


.687223 


.03758 


9-16 


8.05033 


5.1572 


11-16 


17.8678 


25.406 


1-4 


.785398 


.04909 


5-8 


8 . 24668 


5.4119 


3-4 


18.0642 


25.967 


9-32 


.883573 


.06213 


11-16 


8.44303 


5.6727 


13-16 


18.2605 


26.535 


5-16 


.981748 


.07670 


3-4 


8.63938 


5.9396 


7-8 


18.4569 


27.109 


11-32 


I . 07992 


.09281 


13-16 8.83573 


6.2126 


15-16 


18 6532 


27.688 


3-8 


I.17810 


. I X045 


7-8 


9.03208 


6.4918 


6. 


18.8496 


28.274 


13-32 


1.27627 


. 12962 


15-16 9.22843 


6.7771 


1-8 


19.2423 


29.465 


7-16 


1.37445 


.15033 


3. 


9-42478 


7.0686 


1-4 


19-6350 


30.680 


15-32 


1.47262 


.17257 


1-16 


9.62113 


7 . 3662 


3-8 


20.0277 


31.919 


1-2 


1.57080 


.19635 


1-8 


9.81748 


7.6699 


1-2 


20.4204 


33.183 


17-32 1.66897 


.22166 


3-16:10.0138 


7.9798 


5-8 


20.8131 


34.472 


9-16 I. 76715 


.24850 


1-4 1 10. 2 102 


8.2958 


3-4 


21.2058 


35.785 


19-32,1.86532 


.27688 


, 5-16 10.4065 


8.6179 


7-8 


21.5984 


37.122 


5-8 


1.96350 


. 30680 


' 3-8 


TO. 6029 


8.9462 


7. 


21. 991 I 


38.485 


21-32 


2.06167 


.33824 


1 7-16 


10.7992 


9.2806 


1-8 


22.3838 


39.871 


11-16 


2. 15984 


.37122 


1-2 

1 


10.9956 


9.6211 


1-4 


22.7765 


41.282 


23-32 2.25802 


.40574 


9-16 


II.I9I9 


9.9678 


3-8 


23.1692 


42.718 


3.4 |2. 35619 


.44179 


: 5-8 


11.3883 


10.321 


1-2 


23.5619 


44.179 


25-32,2.45437 


.47937 


11-16 


I I . 5846 


10.680 


5-8 


23.9546 


45.664 


13.162.55254 


.51849 


3-4 


II. 7810 


11.045 


3-4 


24.3473 


47.173 


27 322.65072 


.55914 


' 13-16 


"•9773 II. 416 


7-8 


24.7400 


48 . 707 


7-8 |2. 74889 


.60132 


7-8 


12.1737 


11.793 


8. 


25.1327 


.50.265 


29-32 2.84707 


.64504 


I 15-16 


12.3700 


12.177 


1-8 


25-5254 


51.849 


15-162.94524 


. 69029 


;*. 


12.5664 


-12.566 


1-4 


25.9181 


53.456 


31-32,3.04342 


.73708 


1-16 


12.7627 


12.962 


3-8 


26.3108 


55.088 


1. 3-14159 


.78540 


1-8 


12.9591 


13.364 


1-2 


26.7035 


56.745 


i-i6!3- 33794 


.88664 


3-16 


13-1554 


13.772 


5-8 


27.0962 


58.426 


1-8 3.53429 


.99402 


1-4 


13-3518 


14.186 


3-4 


27.4889 


60.132 


3-163.73064 


I . 1075 


5.16 


> 13.5481 


14.607 


7-8 


27.8816 


61.862 


1-4 


3 • 92699 


1.2272 


3-8 


13.744s 15.033 


9. 


28.2743 


63.617 


s-ie 


> 4. 12334 


1.3530 


7-16 


\ 13.9408 


15.466 


1-8 


28.6670 


65.397 


3-8 


4.31969 


1.4849 


1-2 


14.1372 


15.904 


1-4 


29.0597 


67.201 


7.i( 


54.51604 


1.6230 


9-ie 

5-8 


> 14.3335 


16.349 


3-8 


29.4524 


69 . 029 


1-2 


4.71239 


I. 7671 


14.5299 


16.800 


1-2 


29.8451 


70.882 


9 164.90874 


I. 9175 


i ii-i( 


) 14.7262 


17-257 


5-8 


30.2378 


72 . 760 


5-8 15.10509 


2.0739 


1 3-4 


14.9226 


17.721 


3-4 


30.6305 


74 . 662 


11-16 5.30144 


2.2365 


1 13-1^ 


) 1 5. II 89 


18.190 


7.8 


31.0232 


76.589 


3-4 i5- 49779 


2.4053 


1 7-8 


15.3153 


18.665 


10. 


31.4159 


1 78.540 


13-16 5.69414 


2.5802 


! 15-1^ 


) 15.5116 


19.147 


1-8 


3 1 . 8086 


1 80.516 


7-8 5 . 89049 


2.7612 


6. 


I 5 . 7080 


19-635 


1-4 


32.2013 


82.516 


15-16 6.0868. 


^ 2.9483 


i-i( 


515-9043 


20.129 


3-8 


32.594c 


• 84.541 


9. 


6.283i< 


) 3-1416 


1-8 


16.1007 


20.629 
1 


1-2 


32.9867 


86.590 
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TABLE OF CIRCLES, 



CIRCUMFERENCE AND AREAS OF CIRCLES— Gw«/i»«^^. 



Diam. 


Circumf. 


Area. 


Diam. 


Circumf. 


Area. 


Diam. 


Circumf. 


Area. 




33-3794 


17. 1-4 


54.1925 


233.71 


28. 7-8 


75-0055 




10. 5-8 


88.664 


447.69 


3-4 


33-7721 


90.763 


3-8 


54.5852 


237.10 


24. 


75 . 3982 


452.39 


7-8 


34-1648 


92.886 


1-2 


54-9779 


240.53 


1-8 


75.7909 


457.11 


11. 


34-5575 


95-033 


5-8 


55.3706 


243.98 


1-4 


76.1836 


461.86 


1-8 


34.9502 


97.205! 


3-4 


55-7633 


247.45 


3-8 


76.5763 


466 . 64 


1-4 


35-3429 


99.402 


7-8 


56.1560 


250.95 


1-2 


76.9690 


471-44 


3-8 


35 7356 


101.62 


18. 


56.5487 


254.47 


5-8 


77.3617 


476 . 26 


1-2 


36.1283 


103.87 


1-8 


56.9414 


258.02 


3-4 


77.7544 


481. II 


5-8 


36.5210 


106.14 


1-4 


57.3341 


261.59 


7-8 


78.1471 


485.98 


3-4 


36-9137 


108.43 


3-8 


57.7268 


265.18 


25. 


78.5398 


490.87 


7-8 


37-3064 


110.75 


1-2 


58.1195 


268 . 80 


i-b 


78.9325 


495-79 


12. 


37.6991 


113. 10 


5-8 


58.5122 


272.45 


1-4 


79 3252 


500.74 


1-8 


38.0918 


115.47 


3-4 


58.9049 


276.12 


3-8 


79.7179 


505.71 


1-4 


38.4845 


117.86 


7-8 


59.2976 


279.81 


1-2 


80 . 1 1 06 


510.71 


3-8 


38-8772 


120.28 


19. 


59.6903 


283.53 


.5-8 


80.5033 


515-72 


1-2 


39.2699 


122.72 


1-8 


60.0830 


287.27 


3-4 


80.8960 


520.77 


5-8 


39.6626 


125.19 


1-4 


60.4757 


291.04 


7-8 


81.2887 


525.84 


3-4 


40.0553 


127.68 


3-8 


60.8684 


294-83 


26. 


81.6814 


530.93 


7-8 


40.4480 


[30.19 


1-2 


61.2611 


298.65 


1-8 


82.0741 


536.05 


IS. 


40 . 8407 


132.73 


5-8 


61.6538 


302.49 


1-4 


82.4668 


541.19 


1-8 


41-2334 


135-30 


3-4 


62.0465 


306.35 


3-8 


82.8595 


546.35 


1-4 


41.6261 


137.89 


7-8 


62.4392 


310.24 


1-2 


83.2522 


551.55 


3-8 


42.0188 


140.50 


20. 


62.8319 


314.16 


5-8 


83-6449 


556.76 


1-2 


42.4115 


143-14 


1-8 


63.2246 


318.10 


3-4 


84.0376 


562.00 


5-8 


42 . 8042 


145.80 


1.4 


63.6173 


322.06 


7-8 


84.4303 


567.27 


3-4 


43.1969 


148.49 


3-8 


64.0100 


326.05 


27. 


84.8230 


572.56 


7-8 


43.5896 


.51.20 


1-2 


64.4026 


330.06 


1-8 


85-2157 


577-87 


14. 


43.9823 


153-94 


5-8 


64-7953 


334 - 10 


1-4 


85.60^4 


583.21 


1-8 


44-3750 


156.70 


3-4 


65.1880 


338.16 


3-8 


86.0011 


588.57 


1-4 


44-7677 


159.48 


7-8 


65.5807 


342.25 


1-2 


86.3938 


593.96 


3-8 


45 • 1604 


162.30 


21. 


65.9734 


346.36 


5-8 


86.7865 


599.37 


1-2 


45-5531 


165.13 


1-8 


66.3661 


350.50 


3-4 


87.1792 


604.81 


5-8 


45-9458 


167.99 


1-4 


'6.7588 


354.66 


7-8 


87.5719 


610.27 


3-4 


46.3385 


170.87 


3-8 


67.1515 


358.84 


28. 


87.9646 


615-75 


7-8 


46.7312 


173.78 


1-2 


67 . 5442 


363.05 


1-8 


88.3573 


621.26 


16. 


47.1239 


176.71 


5-8 


67.9369 


367.28 


1-4 


88.7500 


626.80 


1-8 


47.5166 


179.67 


3-4 


68 . 3296 


371.54 


3-8 


89.1427 


632.36 


1-4 


47-9093 


182.65 


7-8 


68.7223 


375.83 


1-2 


89-5354 


637-94 


3-8 


48.3020 


185.66 


22. 


69.1150 


380.13 


5-8 


89.9281 


643-55 


1-2 


48.6947 


188.69 


1-8 


69.5077 


384.46 


3-4 


90.3208 


649.18 


5-8 


49.0874 


191-75 


1-4 


69 . 9004 


388.82 


7-8 


90.7135 


654-84 


3-4 


49.4801 


194.83 


3-8 


70.2931 


393.20 


29. 


91.1062 


660.52 


7-8 


49.8728 


197.93 


1-2 


70.6858 


397.61 


1-8 


91.4989 


666 . 23 


16. 


50.2655 


201.06 


5-8 


71.0785 


402 . 04 


1-4 


91.8916 


671 96 


1-8 


50.6582 


204 . 22 


3-4 


71.4712 


406.49 


3-8 


92.2843 


677.71 


1-4 


51.0509 


207 . 39 


7-8 


71.8639 


410.97 


1-2 


92.6770 


683.49 


3-8 


51.4436 


210.60 


23. 


72.2566 


415.48 


5-8 


93.0697 


689 . 30 


1-2 


51-8363 


213.82 


1-8 


72.6493 


420.00 


3-4 


93.4624 


695-13 


5-8 


52.2290 


217.08 


1-4 


73.0420 


424.56 


7-8 


93.8551 


700.98 


3-4 


52.6217 


220.35 


3-8 


73-4347 


429.13 


80. 


94.2478 


706.86 


7-8 


53.0144 


223.65 


1-2 


73-8274 


433 . 74 


1-8 


94.6405 


712.76 


17. 


53.4071 


226.98 


5-8 


74.2201 


438.36 


1-4 


95.0332 


718.69 


1-8 


53-7998 


230.33 


3-4 


74.6128 


443-01 


3-8 


95.4259 


724.64 



TABLE OF SQUARES AND CUBES. 
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SO 


UARES AND 


cubes- 


-Continued, 




No. 


Squares. 


Cubes. 


No. 


Squares. 


Cubes. 


221 


4 8841 


10 793 861 


276 


7 61 76 


21 024 576 


222 


49284 


10 941 048 


277 


767 29 


21 253 933 


223 


49729 


II 089 567 


278 


7 72 84 


21 484 952 


224 


501 76 


II 239424 


279 


7 7841 


21 717 639 


225 


50625 


II 390 625 


280 


78400 


21 952 000 


226 


5 1076 


II 543 176 


281 


7 8961 


22 188 041 


227 


5 15 29 


II 697 083 


282 


7 95 24 


22 425 768 


228 


5 1984 


II 852 352 


283 


8 00 8q 


22 665 187 


229 


5 2441 


12 008 989 


284 


8 06 56 


22 906 304 


230 


5 29 00 


12 167 000 


285 


8 12 25 


23 149 125 


231 


5 3361 


12 326 391 


2S6 


8 17 96 


23 393 656 


232 


53824 


12487 168 


287 


8 23 69 


23 639 903 


233 


54289 


12 649 337 


288 


8 2944 


23 887 872 


234 


5 47 56 


12 812 904 


289 


8 35 21 


24 137 569 


235 


5 52 25 


12 977 875 


290 


8 41 00 


24 389 000 


236 


5 5696 


13 144 256 


291 


8 46 81 


' 24 642 171 


237 


5 61 (»9 


13 312 053 


292 


8 5264 


24 897 088 


238 


56644 


13 481 272 


293 


85849 


25 153 757 


239 


5 71 21 


13 651 919 


294 


86436 


25 412 184 


240 


5 76 00 


13 824 000 


295 


87025 


25 672 37s 


241 


5 80 81 


13997 521 


296 


8 76 16 


25 934 336 


242 


58564 


14 172 488 


297 


8 8209 


26 198 073 


243 


5 9049 


14 348 907 


298 


8 8804 


26 463 592 


244 


5 95 36 


14 526 784 


299 


8 94 01 


26 730 899 


245 


6 00 25 


14 706 125 


300 


9 00 00 


27 000 000 


246 


6 05 16 


14 886 936 


301 


9 06 01 


27 270 901 


247 


6 1009 


15 069 223 


302 


9 1204 


27 543 608 


248 


6 1504 


15 252 992 


• 303 


9 18 09 


27 818 127 


249 


6 2001 


15 438 249 


304 


9 24 16 


28 094 464 


250 


6 25 00 


15 625 000 


305 


93025 


28 372 625 


251 


6 30 01 


15 813 251 


306 


9 36 36 


28 652 616 


252 


63504 


16 003 008 


307 


94249 


28 934 443 


253 


6 40 09 


16 194 277 


308 


948 64 


29 218 112 


254 


6 45 16 


16 387 064 


309 


95481 


29 503 629 


255 


6 50 25 


16 581 375 


310 


9 61 00 


29 791 000 


256 


655 36 


16 777 216 


311 


9 67 21 


30 080 231 


257 


6 60 49 


16 974 593 


312 


9 73 44 


30 371 328 


258 


665 64 


17 173 512 


313 


97969 


30 664 297 


259 


6 70 81 


17373979 


314 


985 96 


30 959 144 


260 


6 76 00 


17 576 000 


315 


992 25 


31 255 875 


261 


6 81 21 


17 779 581 


316 


998 56 


31 554 496 


262 


6 86 ^.1 


17 984 728 


317 


10 04 89 


31 855 013 


263 


6 91 69 


18 191 447 


3t8 


10 I I 24 


32 157432 


264 


6 96 96 


18 399 744 


319 


10 17 61 


32 461 759 


265 


7 02 25 


18 609 625 


320 


10 24 00 


32 768 000 


266 


7 06 56 


18 821 096 


321 


10 30 41 


33 076 161 


267 


7 1289 


19 034 163 


322 


10 36 84 


33 386 248 


268 


7 1824 


19 248 832 


323 


10 43 29 


33 698 267 


269 


7 23 61 


19 465 109 


324 


10 49 76 


34 012 224 


270 


7 29 00 


19 683 000 


325 


10 56 25 


34 328 125 


271 


73441 


19 902 511 


326 


10 62 76 


34 645 976 


272 


73984 


20 123 648 


327 


10 69 29 


34 965 783 


273 


7 45 29 


20 346 417 


328 


10 75 84 


35 287 552 


274 V 


75076 


20 »,70 824 


329 


10 82 41 


35 611 289 


275 


7 56 25 


20 796 875 


330 


10 8900 


35 937 000 



114 



TABLE OF SQUARES AND CUBES, 



SQUARES AND CU BZS—Qmtinued. 



No. 



331 
332 

333 

334 

335 
336 

337 
338 

339 
340 

341 
342 
343 
344 
345 
346 

347 
348 

349 
350 

351 
352 

353 

354 

355 

356 

357 

358 

359 
360 

361 
362 

363 

364 

365 
366 

367 
368 

369 
370 

371 
372 

373 

374 

375 
376 

377 
378 

379 
380 

381 
382 

383 
384 



Squares. 


10 95 61 


II 02 24 


II 08 89 


II 15 56 


II 22 25 


II 28 96 


II 3569 


II 42 44 


II 49 21 


II 5600 


II 62 81 


II 6964 


II 76 49 


II 83 36 


II 90 25 


II 97 16 


12 04 09 


12 II 04 


12 18 01 


12 25 00 


12 32 01 


12 39 04 


12 46 09 


12 53 16 


12 60 25 


12 67 36 


12 74 49 


12 81 64 


1288 81 


12 96 00 


13 03 21 


13 1044 


13 17 69 


13 24 96 


13 32 25 


13 39 56 


13 46 89 


13 54 24 


13 61 61 


13 69 00 


13 76 41 


13 83 84 


13 91 29 


13 98 76 


14 06 25 


14 13 76 


14 21 29 


14 28 84 


14 36 41 


14 44 00 


14 51 61 


14 59 24 


14 66 89 


14 74 56 


14 82 25 



Cubes. 



36 264 69 1 
36 594 368 

36 926 037 

37 250 704 
37 595 375 

37 933 056 

38 272 753 
38 614 472 

38 958 219 

39 304 000 

39 651 821 

40 001 688 
40 353 607 

40 707 584 

41 063 625 
41 421 736 

41 781 923 

42 144 192 
42 508 549 

42 875 000 

43 243 551 
43 614 208 

43 986 977 

44 361 864 

44 738 875 

45 118 016 

45 499 293 
45-882 712 

46 268 279 

46 656 000 

47 045 881 

47 437 928 

47 832 147 

48 228 544 

48 627 125 

49 027 896 
49 430 863 

49 836 032 

50 243 409 

50 653 000 

51 064 811 
51 478 848 

51 895 117 

52 313 624 

52 734 375 

53 157 376 

53 582 633 
54010 152 

54 439 939 

54 872 000 

55 306 341 

55 742 968 

56 181 887 
56 623 104 
56 066 625 



No. 


Squares. 


386 


14 89 96 


387 


14 97 69 


388 


150544 


389 


15 13 21 


390 


15 21 00 


391 


15 28 81 


392 


15 36 64 


393 


15 44 49 


394 


15 52 36 


395 


156025 


396 


15 68 16 


397 


15 7609 


398 


15 84 04 


399 


15 92 01 


400 


160000 


401 


16 08 01 


402 


16 16 04 


403 


16 24 09 


404 


16 32 16 


405 


16 40 25 


406 


16 48 36 


407 


16 56 49 


408 


16 64 64 


409 


16 72 81 


410 


16 81 00 


411 


16 89 21 


412 


16 97 44 


413 


17 05 69 


414 


17 13 96 


415 


17 22 25 


416 


17 30 56 


417 


17 38 89 


418 


17 47 24 


419 


17 55 61 


. 420 


17 64 00 


421 


17 7241 


422 


17 80 84 


423 


17 89 29 


424 


17 97 76 


425 


18 06 25 


426 


18 14 76 


427 


18 23 29 


428 


18 31 84 


429 


18 40 41 


43P 


18 49 00 


431 


18 57 61 


432 


18 66 24 


433 


18 74 89 


434 


18 83 56 


435 


18 92 25 


436 


19 00 96 


437 


19 09 69 


438 


19 1844 


439 


19 27 21 


440 


19 36 00 



Cubes. 



57 512 456 

57 960 603 

58 411 072 

58 863 869 

59 319 000 

59 776 471 

60 236 288 

60 698 457 

61 162 984 

61 629 875 

62 099 136 

62 570 773 

63 044 792 

63 521 199 

64 000 000 
64 481 201 

64 964 808 

65 450 827 

65 939 264 

66 430 125 

66 923 416 

67 419 143 

67 917 312 

68 417 929 

68 921 000 

69 426 531 

69 934 528 

70 444 997 

70 957 944 

71 473 375 

71 991 296 

72 511 713 

73 034 632 

73 560 059 

74 08S 000 

74 618 461 

75 151 448 

75 686 967 

76 225 024 

76 765 625 

77 308 776 

77 854 483 

78 402 752 

78 953 589 

79 507 000 

80 062 991 

80 621 568 

81 182 737 

81 746 504 

82 312 875 

82 881 856 

83 453 453 

84 027 672 

84 604 519 

85 184000 



TABLE OF SQUARES AND CUBES, 



II 



5 



SQUARES AND CUBES, OF NUMBERS FROM 1 TO 440. 



No. 


Squares. 


Cubes. 


No. 


Squares. 


Cubes. 


I 


I 


I 


56 


31 36 


175 616 


2 


4 


8 


57 


3249 


185 193 


3 


9 


27 


58 


3364 


195 112 


4 


16 


64 


59 


3481 


205 379 


5 


25 


125 


60 


3600 


216 000 


6 


36 


216 


61 


3721 


226 981 


7 


49 


343 


62 


3844 


238 328 


8 


64 


512 


63 


3969 


250 047 


9 


81 


729 


64 


40 96 


262 144 


lO 


I 00 


I 000 


65 


4225 


274 626 


II 


I 21 


I 331 


66 


4356 


287 496 


12 


144 


I 728 
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69 
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2 56 
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71 
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357 911 


17 
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4913 


72 
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5832 


73 


5329 


389 017 


19 


361 


6859 


74 


5476 


405 224 


20 


400 


8 000 


75 


5625 


421 875 


21 


441 


9 261 


76 


5776 


438 976 


22 


484 


10648 


77 


5929 


456 533 


23 
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12 167 


78 


6084 
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24 


576 


13824 


79 


62 41 
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804 357 


39 


15 21 


59319 


94 


8836 
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857 375 


41 


16 81 
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1-2 
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1-2 


142 


.942 
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102.494 
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122.915 
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5-8 


143 


.335 


1634.9 


3-4 


102.887 


842.39 


1-4 


123.308 
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3-4 


143. 


.728 


1643.9 


7-8 


103 . 280 


848.83 


3-8 


123.700 


1217.7 


7-8 


144. 


121 


1652.9 


83. 


103.673 


855-30 


1-2 


124.093 


1225.4 


46. 


144 


513 


1661.9 


1-8 


104.065 


861 . 79 


5-8 


124.486 


1233.2 


1-8 


144. 


906 


1670.9 


1-4 


104.458 


868.31 


3-4 


124.878 
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1-4 


145. 
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3-8 


104.851 


874.85! 


7-8 
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105.243 
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1-2 
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126.056 
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3-4 


106.029 


894.62 


1-4 


126.449 
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3-4 


146 
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1716.5 


7-8 


106.421 


901.26 


3-8 


126.842 


1280.3 


7-8 


147 


262 


1725.7 
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106.814 


907.92 


1-2 


127.235 


1288.2 


47. 
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1734.9 


1-8 


107.207 


914.61 


5-8 


127.627 


1296.2 


1-8 


148 


048 


1744.2 


1-4 


107 . 600 


921.32 


3-4 


128.020 


1304.2 


1-4 
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1753.5 


3-8 


107.992 


928.06 


7-8 


128.413! 1312.2 


3-8 


148. 
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1762.7 


1-2 


108.385 


934- 82 


41. 


128.805; 1320.3 


1-2 
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226 
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5-8 


108.778 


941.61 


1-8 


129.198 


1328.3 


5-8 
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.618 


1781.4 


3-4 


109.170 


948.42 


1-4 


129.591 


1336.4 


3-4 


150, 


on 


1790.8 


7-8 


109.563 


955-25 


3-8 


129.993 


1344.5 
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.404 


1800. I 
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109.956 


962 . 1 1 


1-2 


130.37- 
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.796 


I 809 . 6 


1-8 


I 10. 348 
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5-8 


130.769 


1360.8 


1-8 
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.189 


1819.0 


1-4 


110.741 


975-91 


3-4 


131. 161 


1369.0 


1-4 


151 


.582 


1828.5 


3-8 


III. 134 


982.84 


7-8 


131.554 


1377.2 


3-8 


151 


.975 


1837.9 


1-2 


HI. 527 


0,89.80 


42. 


131.947 


1385.4 


1-2 


152 


.367 


1847.5 


5-8 


III. 919 


996 . 78 


1-8 


132.340 


1393.7 


5-8 


152 


760 


1857.0 


3-4 


112. 312 


1003.8 


1-4 


132.732 


1402.0 


3-4 


153 


153 


1866.5 


7-8 


112.705 


loro. 8 


3-8 


133.125 


1410.3 


7-8 


153 


.545 


1876. I 


86. 


113.097 


1017.9 


1-2 


133.518 


1418.6 


49. 


153 


938 


1885.7 


1-8 


113-490 
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5-8 


133.910 


1427.0 


1-8 


154- 


331 


1895.4 


1-4 


113.883 


1032. I 


3-4 


134.303 


1435.4 


1-4 
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723 


1905.0 


3-8 


114-275 


1039.2 


78 


134.696 


1443.8 


3-8 


155. 


116 


1914.7 


1-2 


114.668 


1046.3 


48. 


135 088 


1452.2 


1-2 


155- 


509 


1924.4 


5-8 


115. 061 


1053-5 


1-8 


135. 48T 


1460.7 


5-8 


155. 


902 


1934.2 


3-4 


115.454 


1060.7 


1-4 


135.874 


1469. I 


3-4 


156. 


294 


1943.9 


7-8 


115.846 


1068.0 


3-8 


136.267 


1477.6 


7-8 


156.687 


1953.7 
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AGRICULTURE. 

Armsby's Manual of Cattle-feeding x2mo, $x 75 

Principles of Animal Nutrition .8vo, 4 00 

Budd and Hansen's American Horticultural Manual: 

Part I. Propagation » Culture, and Improvement xamo, x so- 

Part II. Systematic Pomology x2mo, x 50 

Downing's Fruits and Fruit-trees of America 8vo, 5 oa 

Elliott's Engineering for Land Drainage i2mo, i so- 

Practical Farm Drainage x2mo. x 00 

Green's Principles of American Forestry i2mo, x 5a 

Grotenfelt's Principles of Modern Dairy Practice. (Wo 11.) i2mo, 2 00 

Kemp's Landscape Gardening i2mo, 2 59 

Maimard's Landscape Gardening as Applied to Home Decoration i2mo, x 50 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, i 5a 

Sanderson's Insects Injurious to Staple Crops i2mo, x 50 

Insects Injurious to Garden Crops. (In preparation.) 
Insects Injuring Fruits. (In preparation.) 

Stockbridge's Rocks and Soils 8vo, 2 50 

Winton's Microscopy of Vegetable Foods 8vo, 7 50 

Woll's Handbook for Farmers and Dairymen x6mo, x 50 

ARCHITECTURE. 

Baldwin's Steam Heating for Buildings X2mo, 2 59 

Bashore's Sanitation of a Country House i2mo, i 00 

Bern's Buildings and Structures of American Railroads 4to, 5 oa 

Birkmire's Planning and Construction of American Theatres 8vo« 3 00 

Architectural Iron and Steel 8vo, 3 5a 

Compound Riveted Girders as Applied in Buildings 8vo, 2 00 

Planning and Construction of High Office buildings 8vo, 3 'sa 

Skeleton Construction in Buildings 8vo, 3 oa 

Brigg's Modern American School Buildings 8vo, 4 00 

Carpenter's Heating and Ventilating of Buildings 8vo» 4 00 

Freitag's Architectural Engineering 8vo, 3 50- 

Fireproofing of Steel Buildings 8vo, 2 50 

French and Ives's Stereotomy. 8vo, 2 50 
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Gerhard's Guide to Sanitary Houee-inspection. . . . « 161110, x 00 

Theatre Fires and Panics 4 i2mo, i 50 

■^Greene's Structural Mechanics Svo, 2 50 

Holly's Carpenters' and Joiners' Handbook xSmo, 75 

Johnson's Statics by Algebraic and Graphic Methods. Svo, 2 00 

Kidder's Architects* and Builders' Pocket-book. Rewritten Edition. i6mo, mor., 5 00 

Merrill's Stones for Building and Decoration 8vo, 5 00 

Non-metallic Minerals: Their Occurrence and Uses 8vo, 4 00 

Monckton's Stair-building 4to, 4 00 

Patton's Practical Treatise on Foundations 8vo, 5 00 

Peabody's Naval Architecture Svo, 7 50 

Richey's Handbook for Superintendents of Construction i6mo, mor., 4 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Siebert and Biggin's Modem Stone-cutting and Masonry 8vo, i 50 

Snow's Principal Species of Wood 8vo, 3 50 

Sondericker's Graphic Statics with Applications to Trusses, Beams, and Arches. 

8vo, 2 00 

Towne's Locks and Builders' Hardware i8mo, morocco, 3 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 50 

Law of Contracts 8vo, 3 00 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .8vo, 4 00 
Worcester and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small HospitaL 

x2mo, I 25 

The World's Columbian Exposition of 1893 Large 4to, x 00 



ARMY AND NAVY. 

Bemadou's Smokeless Powder, Nitro-cellulose, and the Theory of the Cellulose 

Molecule i2mo, 2 50 

* Bruff's Text-book Ordnance and Gunnery 8vo, 6 00 

phase's Screw Propellers and Marine Propulsion 8vo, 3 00 

Cloke's Gunner's Examiner Svo, i 50 

Craig's Azimuth 4to, 3 50 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

* Davis's Elements of Law 8vo, a 50 

* Treatise on the Military Law of United States 8vo, 7 00 

Sheep, 7 50 
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Pietz's Soldier's First Aid Handbook ., x6mo, morocco, x 25 

* Dredge's Modem French Artillery 4to, half morocco, 15 00 
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* Dyer's Handbook of Light Artillery x2mo, 3 00 

Eissler's Modem High Explosives 8vo, 4 00 

* Fiebeger's Text-book on Field Fortification Small 8vo, a 00 

Hamilton's The Gunner's Catechism x8mo, x 00 

* Hofif's Elementary Naval Tactics 8vo, x 50 

Jngalls's Handbook of Problems in Direct Fire 8vo, 4 00 

* Ballistic Tables 8vo, x 50 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and H. .8vo, each, 6 00 

* Mahan's Permanent Fortifications. (Mercur.) 8vo, half morocco, 7 50 

Manual for Courts-martial x6mo, morocco, x 50 

* Mercur's Attack of Fortified Places xamo, 2 00 

* Elements of the Art of War 8vo, 4 00 
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Metcalfi Coit of Manufactures — And the Admimittntiea of Workshop!. .8to, 5 00 

* Ordnance and Gunnery. 2 vols. xamo* 5 00 

Murray's Infantry Drill Regulations i8mo, paper, i« 

Nixon's Adjutants' Manual 34010, x 00 

Peabody's Naval Architecture 8vo, 7 50 

* Phelps's Practical Marine Sunreying 8vo, a 50 

Powell's Army Officer's Examiner lamo, 4 00 

Sharpe's Art of Subsisting Armies in War i8mo, morocco z 50 

* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing. 

24mo, leather, 50 

* Walke's Lectures on Explosives 8vo, 4 00 

* Wheeler's Siege Operations and Military Mining 8vo, a 00 

Winthrop's Abridgment of Military Law lamo, a 50 

Woodhull's Notes on Military Hygiene i6mo, i 50 

Toung's Simple Elements of Navigation x6mo, morocco, a o 

o 
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Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

I amo, morocco, i 50 

Furman's Manual of Practical Assaying 8vo, 3 00 

Lodge's Notes on Assa3ring and Metallurgical Laboratory Experiments 8vo, 3 00 

Low's Technical Methods of Ore Analysis 8vo, 3 00 

Miller's Manual of Assairing lamo, z 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.) lamo, a 50 

O'Driscoll's Notes on the Treatment of GoU Ores 8vo, a 00 

Ricketts and Miller's Notes on Assa3ring 8vo, 3 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

Wilson's Cyanide Processes lamo, i 50 

Chlorination Process xamo, z 50 

ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, a 50 

Craig's Azimuth 4to, 3 50 

Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Gore's Elements of Geodesy. 8vo, a 50 

Hayford's Text-book of Geodetic Astronomy .^ 8vo, 3 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo, a 50 

* Michie and' Harlow's Practical Astronomy 8vo, 3 00 

* White's Elements of Theoretical and Descriptive Astronomy xamo, a 00 

BOTANY. 

Davenport's Statistical Methods, with Special Reference to Biological Variation. 

i6mo, morocco, x as 

Thom^ and Bennett's Structural and Physiological Botany x6mo, a as 

Westermaier's Compendium of General Botany. (Schneider.) 8vo, a 00 

CHEMISTRY. 

Adriance's Laboratory Calculations and Specific Gravity Tables xamo, i as 

Allen's Tables for Iron Analysis 8vo, 3 00 

Arnold's Compendium of Chemistry. (Mandel.) Small 8vo, 3 so 

Austen's Notes for Chemical Students xamo, x 50 

Bemadou's Smokeless Powder. — Nitro^cellulose, and Theory of the Cellulose 

Molecule xamo, a so 

* BrofnUng's Introduction to the Rarer Elements 8vo, z so 
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Brush and Penfield'a Manual of Determinative Mineralogy zvo, 4 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.)- -8vo, 3 00 

Cohn*s Indicators and Test-i»aper8 X2mo, 2 00 

Tests and Reagents 8vo, 3 00 

Crafts's Short Course in Qualitative Chemical Analysis. (Schaefier.)- . • xsmo, i 50 
Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von 

Ende.) i2mo, 2 50 

Prechsers Chemical Reactions. (Merria) x2mo, i 25 

Duhem's Thermodynamics and Chemistry^ (Burgess.) 8vo, 4 00 

Eissler's Modem High Explosives 8vo, 4 00 

Effront's Enzymes and their Applications. (Prescott.) Svo, 3 00 

Erdmann's Introduction to Chemical Preparations. (Dunlap.) i2mo, x 25 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

x2mo, morocco, x 50 

Fewler's Sewage Works Analyses x2mo, 2 00 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 5 00 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.) 8vo, 3 00 

System of Instruction in Quantitative Chemical Analysis. (Cohn.) 

2 vols 8vo, X2 50 

Fuertes's Water and Public Health x2mo, x 50 

Furman's Manual of Practical Assaying 8vo, 3 oe 

* Getman's Exercises in Physical Chemistry i2mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers x2mo, i 25 

Grotenfelt's Principles of Modem Dairy Practice. (Woll.) i2mOt 2 00 

Hammarsten's Text-book of Physiological Chemistry. (Mandel.) 8vo, 4 00 

Helm's Principles of Mathematical Chemistry. (Morgan.) i2mo, i 50 

Hering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 50 

Hind's Inorganic Chemistry 8vo, 3 00 

* Laboratory Manual for Students x2mo, i 00 

Holleman's Text-book of Inorganic Chemistry. (Cooper.) 8vo, 2 50 

Text-book of Organic Chemistry. (Walker and Mott.) 8vo, 2 50 

* Laboratory Manual of Organic Chemistry. (Walker.) x2mo, i 00 

Hopkins's Oil-chemists* Handbook 8vo, 3 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, x 25 

Keep's Cast Iron 8vo, 2 50 

Ladd's Manual of Quantitative Chemical Analysis i2mo, i 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

* Langworthy and Austen. The Occurrence of Aluminium in Vegetable 

Products, Animal Products, and Natural Waters 8vo, 2 00 

Lassar-Cohn's Practical Urinary Analysis. (Lorenz.) x2mo, x 00 

Application of Some General Reactions to Investigations in Organic 

Chemistry. (Tingle.) x2mo, i 00 

Leach's The Inspection and Anal3rsis of Food with Special Reference to State 

Control 8vo, 7 50 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. .. .8vo, 3 00 

Low's Technical Method of Ore Analysis 8vo, 3 00 

Lunge's Techno-chemical Analysis. (Cohn.) xzmo i 00 

* McKay and Larsen's Principles and Practice of Butter-making 8vo. i 50 

Mandel's Handbook for Bio-chemical Laboratory i2mo, i 50 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe . . i2mo, 60 
Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

3d Edition, Rewritten 8vo, 4 00 

Examination of Water. (Chemical and Bacteriological.) i2mo, x 25 

Matthew's The Textile Fibres 8vo, 3 50 

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.). .i2mo, 100 

Miller's Manual of Assaying X2mo, i 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.) . . . . x2mo, 2 50 

Mixter's Elementary Text-book of Chemistry i2mo, x 50 

Morgan's An Outline of the Theory of Solutions and its Results I2m4, x 00 
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MorKan*8 Elements of Physical Chemistry. zamo 

* Physical Chemistry for Electrical Engineers xamo 

Morse's Calculations used in Cane-sugar Factories. i6mo, morocco 

Mulliken's General Method for the Identification of Pore Organic Compounds. 

VoL I Large 8vo 

O'Brine's Laboratory Guide in Chemical Analysis Svo 

O'Driscoll's Notes on the Treatment of Gold Ores 8vo 

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) lamo 

" " " " Part Two. (TumbuU.) i2mo 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests 

8vo, i»aper 

Pictet's The Alkaloids and their Chemical Constitution. (Biddle.) 8vo 

Pinner's Introduction to Organic Chemistry. (Austen.) lamo 

Poole's Calorific Power of Fuels 8vo 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis xamo 

* Reisig's Guide to Piece-dyeing 8vo 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo 

Ricketts and Russell's Skeleton Notes upon Inorganic Chemistry. (Part ] 

Non-metallic Elements.) 8vo, morocco 

Ricketts and MiUer's Notes on Assaying 8vo 

Rideal's Sewage and the Bacterial Purification of Sewage 8vo 

Disinfection and the Preservation of Food 8vo 

Riggs's Elementary Manual for the Chemical Laboratory 8vo 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo 

Rostoski's Serum Diagnosis. (Bolduan.) lamo 

Ruddiman's Incompatibilities in Prescriptions 8vo 

* Whys in Pharmacy lamo 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) 8vo 

Schimpf's Text-book of Volumetric Analysis iimo 

Essentials of Volumetric Analysis i2mo 

* Qualitative Chemical Analysis 8vo 

Spencer's Handbook for Chemists of Beet-sugar Houses i6mo, morocco 

Handbook for Cane Sugar Manufacturers i6mo, morocco 

Stockbridge's Rocks and Soils 8vo 

* Tillman's Elementary Lessons in Heat 8vo 

* Descriptive General Chemistry 8vo 

Treadwell's Qualitative Analysis. (HalL) 8vo 

Quantitative Analysis. (Hall.) 8vo 

Turneaure and Russell's Public Water-supplies 8vo 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) i2mo 

* Walke's Lectures on Explosives 8vo 

Ware's Beet-sugar Manufacture and Refining Small 8vo, cloth 

Washington's Manual of the Chemical Analysis of Rocks 8vo 

Wassermann's Immune Sera : Heemolysins, Cytotoxins, and Precipitins. (Bol- 
duan.) ; i2mo 

Wells's Laboratory Guide in (^alitative Chemical Analysis .8vo 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

Students i2mo 

Text-book of Chemical Arithmetic i2mo 

Whipple's Microscopy of Drinking-water 8vo 

Wilson's Cyanide Processes i2mo 

Chlorination Process i^mo 

Winton's Microscopy of Vegetable Foods 8vo 

Wulling's Elementary Course in Inorganic, Pharmaceutical, and Medical 

Chemistry. i2mo, 
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CIVIL EKGINEERIK6. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEERIITG. 

R/OLWAY ENGINEERING. 

Baker's Engineers' Stinreying Instruments I2nx>, 3 oo 

Bizby's Graphical Computing Table Paper 19^ X a4.i inches. 25 

** Burr's Ancient and Modem Engineering and the Isthmian Cana^ (Postage, 

27 cents additionaL) 8vo, 3 50 

Comstock's Field Astronomy for Engineers 8to, 2 50 

Davis's Elevation and Stadia Tables. 8vo, z 00 

Elliott's Engineering for Land Drainage X2mo, z 50 

Practical Farm Drainage i2mo, x 00 

*Fiebeger's Treatise on Civil Engineering Svo, 5 o« 

Flemer's Phototopographic Methods and Instruments. 8vo, 5 00 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 3 00 

Freitag's Architectural Engineering. 2d Edition, Rewritten 8vo, 3 50 

French and Ives's Stereotomy 8vo, 2 50 

Goodhue's Municipal Improvements z2mo, i 75 

Goodrich's Economic Disposal of Towns' Refuse 8vo, 3 50 

Gore's Elements of Geodesy. 8vo, 2 50 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Bering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 50 

Howe's Retaining Walls for Earth lamo, x 25 

Johnson's (J. B.) Theory and Practice of Surveying Small 8vo, 4 00 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 2 00 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.). lamo, 2 00 

Mahan's Treatise on Civil Engineering. (1873.) (Wood.) 8vo, 5 00 

* Descriptive Geometry 8vo, 1 50 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

Merriman and Brooks's Handbook for Surveyors x6mo, morocco, 2 00 

Nugent's Plane Surveying 8vo, 3 50 

Ogden's Sewer Design i2mo, 2 00 

Patton's Treatise on Civil Engineering 8vo half leather, 7 50 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Rideal's Sewage and the Bacterial Purification of Sewage 8vo, 3 50 

Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, i 50 

Smith's Manual of Topographical Drawing. (McMillan. ^ 8vo, 2 50 

Sondericker's Graphic Statics, with Applications to Trusses, Beams, and Arches. 

8vo, 2 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 5 00 

* Trautwice's Civil Engineer's Pocket-book i6mo, morocco, 5 00 

▼/ait's Engineering and Archi'.ectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 50 

Law ef Contracts 8vo, 3 00 

Warren's Stereotomy — Problems in Stone-cutting 8vo, 2 50 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

zomo, morocco, z 25 

Wilson's Topographic Surve3ring 8vo, 3 50 



BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges. .8vo, a 00 

* Thames River Bridge 4to, paper, 5 00 

Burr's Course on the Stresses in Bridges and Roof Trusses, Arched Ribs, and 

Suspension Bridges. 8vo, 3 so 
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Burr and Falk's Influence Lines for Bridge and Roof Comxmtations 8yo, 3 00 

Design and Construction of Metallic Bridges 8vo, 5 00 

Du Bois's Mechanics of Engineering. VoL IL Small 4to, xo 00 

Foster's Treatise on Wooden Trestle Bridges. 4to, 5 00 

Fowler's Ordinary Foundations. 8to, 3 50 

Greene's Roof Trusses 8vo, z 25 

Bridge Trusses 8to, a so 

Arches in Wood, Iron, and Stone 8to, a 50 

Howe's Treatise on Arches. 8vo, 4 oo 

Design of Simple Roof-trusses in Wood and SteeL 8vo, a 00 

Johnson, Bryan, and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, xo 00 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo, a 50 

Part II. Graphic Statics 8vo, a 50 

Part m. Bridge Design 8yo, a 50 

Part IV. Higher Structures. . . ^ 8vo, a 50 

Morison's Memphis Bridge 4to, xo 00 

Waddell's De Pontibus, a Pocket-book for Bridge Engineers. . x6mo, morocco, a 00 

"^Specifications for Steel Bridges xamo, 50 

Wright's Designing of Draw-spans. Two parts in one volume. 8vo, 3 50 



HYDRAULICS. 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, a 00 

Bovey's Treatise on Hydraulics 8vo, 5 00 

Church's Mechanics ot Engineering 8vo, 6 00 

Diagrams of Mean Velocity of Water in Open Channels. . .- paper, i 50 

Hydraulic Motors 8vo, a 00 

Coffin's Graphical Solution of Hydraulic Problems x6mo, morocco, 2 50 

Flather's Dynamometers, and the Measurement of Power lamo, 3 00. 

Folwell's Water-supply Engineering 8vo, 4 00 

Frizell's Water-power ^ 8vo, 5 00 

Fuertes's Water and Public Health xamo, x 50 

Water-filtration Works. xamo, a 50 

Ganguillet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo, 4 00 

Hazen's Filtration of Public Water-supply 8vo, 3 00 

Hazlehurst's Towers and Tanks for Water-works 8vo, a 50 

Herschel's 115 Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits 8vo, a 00 

Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 00 

Merriman's Treatise on Hydraulics 8vo, 5 00 

* Michie's Elements of Analytical Mechanics Svo, 4 00 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply Large Svo, 5 00 

** Thomas and Watfs Improvement of Rivers. (Post, 44c. additional.). 4to, 6 00 

Tumeaure and Russell's Public Water-supplies Svo, 5 00 

Wegmann's Design and Construction of Dams 4to, 5 00 

Water-supply of the City of New York from X658 to X895 4to, xo 00 

Williams and Hazen's Hydraulic Tables Svo, x 50 

Wilson's Irrigation Engineering Small Svo, 4 00 

Wolff's Windmill as a Prime Mover Svo, 3 op 

Wood's Turbines Svo, a 50 

Elements of Analytical Mechanics. ••••••••* Svo, 3 qq 
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MATERIALS OF ENOnfEERING. 

"Baker's Treatise on Masonry Construction 8vo, 

Roads and Pavements '. Svo, 

Black's United States Public Works Oblons 4t«> 

^ Bovey's Strength of Materials and Theory of Structures 8vo, 

Burr's Elasticity and Resistance of the Materials of Engineering 8yo, 

Byrne's Highway Construction 8vo» 

Inspection of the Materials and Workmanship Employed in Construction. 

i6mo, 

Church's Mechanics of Engineering 8yo, 

Bu Bois's Mechanics of Engineering. VoL I Small 4to, 

*Eckei's Cements, Limes, and Plasters 8vo, 

Johnson's Materials of Construction Large 8to, 

Fowler's Ordinary Foundations 8vo, 

* Greene's Structural Mechanics 8vo, 

Keep's Cast Iron 8vo, 

Lanza's Applied Mechanics 8vo, 

Marten's Handbook on Testing Materials. (Henning.) 2 vols 8vo, 

Maurer's Technical Mechanics 8vo, 

Merrill's Stones for Building and Decoration 8vo, 

Merriman's Mechanics of Materials 8vo, 

Strength of Materials lamo, 

Metcalf's Steel. A Manual for Steel-users i2mo, 

Patton's Practical Treatise on Foundations 8vo, 

Richardson's Modem Asphalt Pavements 8vo, 

Richey's Handbook for Superintendents of Construction i6mo, mor., 

Rockwell's Roads and Pavements in France X2mo,* 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 

Smith's Materials of Machines % i2mo. 

Snow's Principal Species of Wood 8vo, 

Spalding's Hydraulic Cement ismo, 

Text-book on Roads and Pavements ximo, 

•Taylor and Thompson's Treatise on Concrete, Plain and Reinforced. 8vo, 

Thurston's Materials of Engineering. 3 Parts 8vo, 

Part I. Non-metallic Materials of Engineering and Metallurgy. . . . .8vo, 

Part n. Iron and SteeL 8vo, 

Part UI. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents. 8vo, 

Thurston's Text-book of the Materials of Construction 8vo, 

Tillson's Street Pavements and Paving Materials 8vo, 

Waddell's De Pontibus. (A Pocket-book for Bridge Engineers.). .i6mo, mor.. 

Specifications for Steel Bridges x2mo. 

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber 8vo, 

Wood's (De V.) Elements of Analytical Mechanics 8vo, 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolsrsis of Iron and 

SteeL 8vo, 4 00 



RAILWAY ENGINEERING. 

Andrew's Handbook for Street Railway Engineers 3x5 Inches, morocco, i 25 

Berg's Buildings and Structures of American Railroads 4to, 5 00 

Brook's Handbook of Street Railroad Location i6mo, morocco, i 50 

Butt's Civil Engineer's Field-book i6mo, morocco, 2 50 

Crandall's Transition Curve i6mo, morocco, i 50 

Railway and Other Earthwoik Tables 8vo, i 50 

Dawson's "Engineering" and Electric Traction Pocket-book. . i6mo, morocco, 5 00 
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J}Tt&ge*9 History of the Penntyhrania Railroad: (1879) ^ .Paper, 5 00 

* Drinker's TunnelUog, Sxi»logiTe Compounds, and Rock Drills. 4to. haU mor., 25 00 

Fisher's Table of Cubic Yards. Cardboard, 29 

Godwin's Railroad Bncineers' Field-book and Explorers' Guide. . . x6mo, mor., 2 50 

Howard's Transition Curve Field-book. x6mo, morocco, x 50 

Hudson's Tables for Calculating the Cubic Contents of Bxcavations and Em- 
bankments Svo, X 00 

Molitor and Beard's Manual for Resident Engineers. x6mo, i 00 

Nagle's Field Hanual for Railroad Engineers. x6mo, morocco, 3 00 

Philbrick's Field Manual for Engineers i6mo, morocco, 3 00 

Searles's Field Engineering x6mo, morocco, 3 00 

Raibroad Spiral. x6mo, morocco, i 50 

Taylor's Prismoidal Formulse and Earthwork 8yo, x 50 

* Trautwine's Method of Calculating the Cube Contents of Excavations and 

Embankments by the Aid of Diagrams 8vo, 2 00 

The Field Practice of Laying Out Circular Curves for Railroads. 

i2mo, morocco, 2 50 

Cross-section Sheet Paper, 25 

Webb's Railroad Construction x6mo, morocco, 5 00 

Wellington's Economic Theory of the Location of Railways Small 8vo, 5 00 



DRAWING. 

Barr's Kinematics of Machinery 8vo, 

* Bartlett's Mechanical Drawing 8vo, 

* " " " Abridged Ed 8vo, 

Coolidge's Manual of Drawing 8vo, paper 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 

Durley's Kinematics of Machines 8vo, 

Emch's Introduction to Projective Geometry and its Applications 8vo, 

Hill's Text-book on Shades and Shadows, and Perspective 8vo, 

Jamison's Elements of Mechanical Drawing 8vo, 

Advanced Mechanical Drawing 8vo, 

Jones's Machine Design: 

Part I, Kinematics of Machinery. 8vo, 

Part n. Form, Strength, and Proportions of Parts 8vo, 

MacCord's Elements of Descriptive Geometry. 8vo, 

Kinematics; or. Practical Mechanism. 8vo, 

Mechanical Drawing 4to, 

Velocity Diagrams , 8vo, 

MacLeod's Descriptive Geometry Small 8vo, 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, 

Industrial Drawing. (Thompson.) 8vo, 

Meyer's Descriptive Geometry 8vo, 

Reed's Topographical Drawing and Sketching 4to, 

Reid's Course in Mechanical Drawing 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8 vo, 

Robinson's Principles of Mechanism 8vo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) 8vo, 

Smith (A. W.) and Marx's Machine Design 8vo, 

Warren's Elements of Plane and Solid Free-hand Geometrical Drawing. i2mo. 

Drafting Instruments and Operations i2mo. 

Manual of Elementary Projection Drawing x2mo. 

Manual of Elementary Problems in the Linear Perspective of Form and 

Shadow x2mo. 

Plane Problems in Elementary Geometry x2mo, 
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Warren's Primary Geometry xamo, 75 

Elements of Descriptive Geometry, Shadows, and PerspectiTe Svo, 3 5o 

General Problems of Shades and Shadows Svo, 3 00 

Elements of Machine Construction and Drawing 8vo, 7 50 

Problems, Theorems, and Examples in Descriptive Geometry Svo, 2 50 

Weisbach*s Kinematics [and Power of Transmission. (Hermann and 

Klein.) Svo, 5 Oq 

Whelpley's Practical Instruction in the Art of Letter Engraving i2mo, 2 00 

Wilson's (H. M.) Topographic Surveying Svo, 3 5© 

Wilson's (V. T.) Free-hand Perspective Svo, 2 50 

Wilson's (V. T.) Free-hand Lettering Svo, i 00 

Woolf s Elementary Course in Descriptive Geometry Large Svo, 3 00 

ELECTRICITY AND PHYSICS. 

Anthony and Brackett's Text-book of Physics. (Magie.) Small Svo, 3 00 

Anthony's Lecture-notes on the Theory of Electrical Measurements. . . . i2mo, x 00 

Benjamin's History of Electricity Svo, 3 00 

Voltaic Cell. Svo, 3 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).Svo, 3 00 

Crehore and Squier's Polarizing Photo-chronograph Svo, 3 00 

Dawson's "Engineering" and Electric Traction Pocket-book. i6mo, morocco, 5 00 
Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von 

Ende.) i2mo, 2 50 

Duhem's Thermodjmamicis and Chemistry. (Burgess.) Svo, 4 00 

Flather's Dynamometers, and the Measurement of Power. i2mo, 3 00 

Gilbert's De Magnete. (Mottelay.) Svo, 2 50 

Hanchett's Alternating Currents Explained i2mo, i 00 

Hering's Ready Reference Tables (Conversion Factors) x6mo, morocco, 2 50 

Hohnan's Precision of Measurements Svo, 2 oo 

Telescopic Mirror-scale Method, Adjustments, and Tests Large Svo, 75 

Kinzbrunner's Testing of Continuous-current Machines Svo, 2 00 

Landauer's Spectrum Analysis. (Tingle.) Svo, 3 00 

Le Chateliers High-temperature Measurements. (Boudouard — Burgess.) x2mo, 3 00 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) Svo, 3 00 

* Lyons'i Treatise on Electromagnetic Phenomena. Vols. I. and 11. Svo, each, 6 00 

* Michie's Elements of Wave Motion Relating to Sound and Light Svo, 4 00 

Niaudet's Elementary Treatise on Electric Batteries. (Fishback.) i2mo, 2 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.). ..Svo, x 50 

Ryan, Norris, and Hoxie's Electrical Machinery. VoL I Svo, 2 50 

Thurston's Stationary Steam-engines Svo, 2 50 

* Tillman's Elementary Lessons in Heat Svo, i 50 

Tory and Pitcher's Manual of Laboratory Ph3rsics Small Svo, 2 00 

Hike's Modem Electrolytic Copper Refining Svo, 3 00 

LAW." 

* Davis's Elements of Law Svo, 

* Treatise on the Military Law of United States. Svo, 

* Sheep, 

Manual for Courts-martiaL i6mo, morocco. 

Wait's Engineering and Architectural Jurisprudence Svo, 

Sheep, 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture Svov 

Sheep, 

Law of Contracts Svo, 

Winthrop's Abridgment of Military Law i2mo, 

10 
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MAlfUFACTURES. 

Benadou'i Smokelen Powder— Nitro-ceUulose and Theory of the CeUolose 

Molecule x2mo, a 50 

BoUand's Iron Founder lamo, 2 50 

" The Iron Founder," Supplement iimo, 2 50 

Encyclopedia of Foundinc and Dictionary of Foundry Terms Used in the 

Practice of Mouldinc x2mo, 3 00 

* Eckel's Cements, Limes, and Plasters 8vo, 6 00 

Eissler's Modem High Explosives 8vo, 4 00 

Effront's Enzymes and their Applications. (Prescott). 8vo, 3 00 

Fitzgerald's Boston Machinist i2mo, z 00 

Ford's Boiler Making for Boiler Makers x8mo, x 00 

Hopkin's Oil-chemists' Handbook. 8vo, 3 00 

Keep's Cast Iron 8yo, 2 50 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control Large 8vo, 7 50 

* McKay and Larson's Principles and Practice of .Butter-making Svo, i 50 

Matthews's The Textile Fibres 8vo, 3 50 

MetcalTs SteeL A Manual for Steel-users i2mo, 2 00 

Metcalfe's Cost of Manufactures — And the Administration of Workshops . 8vo, 5 00 

Meyer's Modem Locomotive Construction 4to, 10 00 

Morse's Calculations used in Cane-sugar Factories. x6mo, morocco, i 50 

* Reisig's Guide to Piece-dyeing .8vo, 25 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Smith's Press-working of Metals 8vo, 3 00 

Spalding's Hydraulic Cement i2mo, 2 00 

Spencer's Handbook for Chemists of Beet-sugar Houses x6mo, morocco, 3 00 

Handbook for Cane Sugar Manufacturers x6mo, morocco, 3 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 5 00 

ThuxBton's Manual of Steam-boilers, their Designs, Construction and Opera- 
tion 8vo, 5 00 

* Walke's Lectures on Explosives 8vo, 4 00 

Ware's Beet-sugar Manufacture and Refining Small 8vo, 4 00 

West's American Fotmdry Practice i2mo, 2 50 

Moulder's Text-book z2mo, 2 50 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .8vo, 4 00 

MATHEMATICS. 

Baker's Elliptic Functions 8vo, z 50 

* Bass's Elements of Differential Calculus i2mo, 4 00 

Briggs's Elements of Plane Analirtic Geometry x2mo, x 00 

Compton's Manual of Logarithmic Computations z2mo, x 50 

Davis's Introduction to the Logic of Algebra. 8vo, x 50 

* Dickson's College Algebra Large x2mo, z 50 

* Introduction to the Theory of Algebraic Equations Large i2mo, x 25 

Emch's Introduction to Projective Geometry and its Applications 8vo, 2 50 

Halsted's Elements of Geometry 8vo, x 75 

Elementary Simthetic Geometry 8vo, i 50 

Rational Geometry x2mo, i 75 

* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size. paper, xs 

100 copies for 5 09 

* Mounted on heavy cardboard, 8X 10 inches, 25 

10 copies for 2 00 

Johnson's (W. W.) Elementary Treatise on Differential Calculus. .Small 8vo, 3 00 

Elementary Treatise on the Integral Calculus Small 8vo, i 50 

11 



Johnson's (W. W.) Curve Tracing in Cartesian Co-ordinates lamo, i oo 

Johnson's (W. W.) Treatise on Ordinary and Partial Differential Equations. 

Small 8vo, 3 50 
Johnson's (W. W.) Theory of Errors and the Method of Least Squares. lamo, i 50 

* Johnson's (W. W.) Theoretical Mechanics x2mo, 3 00 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.), xamo, 2 00 

* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

Trigonometry and Tables published separately Each, 2 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo> i 00 

Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each i 00 

No. X. History of Modem Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Balsted. 
No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solutien of Equations, 
by] Mansfield Merriman. No. ix. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Method of Least Squares 8vo, 2 00 

Rice and Johnson's Elementary Treatise on the Differential Calculus. . Sm. 8vo, 3 00 

Differential and Integral Calculus. 2 vols, in one Small 8vo, 2 50 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Trigonometry: Analytical, Plane, and Spherical i2mo, x 00 



MECHANICAL ENOmEERING. 
MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice. » x2mo, 

Baldwin's Steam Heating for Buildings. i2mo, 

Barr's Kinematics of Machinery 8vo, 

* Bartlett's Mechanical Drawing 8vo, 

* " " " Abridged Ed. 8vo, 

Benjamin's Wrinkles and Recipes X2mo, 

Carpenter's Experimental Engineering 8vo, 

Heating and Ventilating Buildings 8ve, 

Cary's Smoke Suppression in Plants using Bituminous CoaL (In Prepara- 
tion.) 

Clark's Gas and Oil Engine Small 8vo, 

Coolidge's Manual of Drawing 8vo, paper, 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Oblong 4to, 

Cromwell's Treatise on Toothed Gearing x2mo. 

Treatise on Belts and Pulleys X2mo, 

Durley's Kinenutics of Machines 8vo, 

Flather's Dynamometers and the Measurement of Power. x2mo, 

Rope Driving i2mo, 

Gill's Gas and Fuel Analysis for Engineers i2mo, 

Hall's Car Lubrication i2mo, 

Hering's Ready R^sference Tables (Coaversion Factors) i6mo, morocco, 

13 
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Hutton's The Gas Engine. 8vo, 

Jamison's Mechanical Drawing 8vo, 

Jones's Hachine Design: 

Part L Kinematics of Kachinery. 8vo, 

Part n. Form, Strength, and Proportions of Parts 8vo, 

Kent's Mechanical Engineers* Pocket-book i6mo, morocco, 

Kerr's Power and Power Transmission. : 8vo, 

Leonard's Machine Shop, Tools, and Methods 8vo, 

* Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean. ) . . 8vo, 
MacCord's Kinematics; or, Practical Mechanism 8vo, 

Mechanical Drawing. 4to, 

Velocity Diagrams 8vo, 

MacFarland's Standard Reduction Factors for Gases. 8vo, 

Mahan's Industrial Drawing. (Thompson.) 8vo, 

Poole's Calorific Power of Fuels Svo, 

Reid's Course in Mechanical Drawing Svo, 

Text-book of Mechanical Drawing and Elementary Machine Design. Svo, 

Richard's Compressed Air x2mo, 

Robinson's Principles of Mechanism. Svo, 

Schwamb and Merrill's Elements of Mechanism Svo, 

Smith's (O.) Press-working of Metals Svo, 

Smith (A. W.) and Marx's Machine Design Svo, 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 
Work Svo, 

Animal as a Machine and Prime Motor, and the Laws of Energetics. i2mo, 

Warren's Elements of Machine Construction and Drawing Svo, 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 
Klein.) Svo, 

Machinery of Transmission and Governors. (Herrmann — Ellein.). .Svo, 

Wolff's Windmill as a Prime Mover Svo, 

Wood's Turbines Svo, 
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MATERIALS OP ElTGmEERING. 

* Bovey's Strength of Materials and Theory of Structures Svo, 7 50 

Burr's Elasticity and Resistance of the Materials of Engineering. 6th Edition. 

Reset Svo, 

Church's Mechanics of Engineering Svo, 

* Greene's Structural Mechanics Svo, 

Johnson's Materials of Construction Svo, 

Keep's Cast Iron Svo, 

Lanza's Applied Mechanics Svo, 

Martens's Handbook on Testing Materials. (Henning.) Svo, 

Maurer's Technical Mechanics Svo, 

Merriman's Mechanics of Materials Svo, 

Strength of Materials i2mo, 

Metcalf's SteeL A manual for Steel-tisers i2mo, 

Sabin's Industrial and Artistic Technology of Paints and Varnish Svo, 

Smith's Materials of Machines z2mo, 

Thurston's Materials of Engineering 3 vols., Svo, 

Part n. Iron and Steel Svo, 

Part in. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 

Text-book of the Materials of Construction. Svo, 

Wood's (De V.) Treatise on the Resistance of Materials and an Appendix on 

the Preservation of Timber Svo, 2 00 

13 



7 


50 


6 


00 


2 


50 


6 


00 


2 


50 


7 


50 


7 


50 


4 


00 


5 


eo 


I 


00 


2 


00 


3 


00 


X 


00 


S 


00 


3 


50 


2 


50 


5 


oe 



Wood's (De V.) Elements of Analytical Mechanics. 8to, 3 00 

Wood's (M. P.) Rtistless Coatings: Corrosion and Electrolysis of Iron and 

SteeL 8vo, 4 00 

STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram. x2mo 

Carnot's Reflections on the Motive Power of Heat (Thurston.) lamo 

Dawson's "Engineering" and Electric Traction Pocket-book x6mo, mor. 

Ford's Boiler Maidng for Boiler Makers x8mo 

Goss's Locomotive Sparks 8vo 

Hemenway's Indicator Practice and Steam-engine Economy i2mo 

Button's Mechanical Engineering of Power Plants 8vo 

Heat and Heat-engines ^ ^ .8vo 

Kent's Steam boiler Economy. 8vo 

Kneass's Practice and Theory of the Injector 8vo 

MacCord's Slide-valves. 8vo 

Meyer's Modem Locomotive Construction 4to 

Peabody's Manual of the Steam-engine Indicator xamo 

Tables of the Properties of Saturated Steam and Other Vapors 8vo 

Thermodynamics of the Steam-engine and Other Heat-engines 8vo 

Valve-gears for Steam-engines 8vo 

Peabody and Miller's Steam-boilers 8vo 

Pray's Twenty Years with the Indicator Large 8vo 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors 

(Osterberg.) xamo 

Reagan's Locomotives: Simple Compound, and Electric. lamo 

Rontgen's Principles of Thermodynamics. (Du Bois.) 8vo 

Sinclair's Locomotive Engine Running and Management xamo 

Smart's Handbook of Engineering Laboratory Practice x2mo 

Snow's Steam-boiler Practice 8vo 

Spangler's Valve-gears 8vo 

Notes on Thermodynamics , ismo 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo 

Thomas's Steam-turbines 8vo 

Thurston's Handy Tables 8vo 

Manual of the Steam-engine 2 vols., 8vo 

Part I. History, Structure, and Theory 8vo 

Part n. Design, Construction, and Operation 8vo 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and 

the Prony Brake 8vo 

Stationary Steam-engines 8vo 

Steam-boiler Explosions in Theory and in Practice i2mo 

Manual of Steam-boilers, their Designs, Construction, and Operation 8vo 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo 

Whitham's Steam-engine Design 8vo 

Wood's Thermodjmamics, Heat Motors, and Refrigerating Machines. . .8vo 



MECHANICS AND MACHINERY. 

Barr's Kinematics of Machinery 8vo, 2 50 

♦,Bovey*s Strength of Materials and Theory of Structures 8vo, 7 50 

Chase's The Art of Pattern-making lamo, 2 50 

Church's Mechanics of Engineering 8vo, 6 00 

Notes and Examples in Mechanics 8vo, 2 00 

Compton's First Lessons in Metal-working i2mo, x 50 

Compton and De Groodt's The Speed Lathe i2mo- i 50 
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Cromwell's Treatise on Toothed Gearing x2mo, x 50 

Treatise on Behs and Pulleys lamo, 1 50 

Dana's Text-book of Elementary Mechanics for CoUeges and Schools. . i2mo, z 50 

Dingey's Hachinery Pattern Making i2mo, 2 00 

Dredge's Record of the Transportation Exhibits Building of the World's ' 

Columbian Exposition of 1893 4to half morocco, 5 00 

Du Bois's Elementary Principles of Mechanics: 

VoL I. Kinematics. 8vo, 

Vol n. Statics 8vo, 

Mechanics of Engineering. VoL I Small 4to, 

VoL H. Small 4to, 

Durley's Kinematics of Machines 8to, 

Fitzgerald's Boston Machinist i6mo, 

Flather's Dynamometers, and the Measurement of Power X2mo, 

Rope Driving x2mo, 

Goss's Locomotive Sparks 8vo, 

* Greene's Structural Mechanics 8vo, 

Hall's Car Lubrication. i2mo, 

Holly's Art of Saw Filing i8mo, 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Small 8vo, 

* Johnson's (W. W.) Theoretical Mechanics i2mo, 

Johnson's (L. J.) Statics by Graphic and Algebraic Methods 8vo, 

Jones's Machine Design : 

Part I. Kinematics of Machinery 8vo, 

Part n. Form, Strength, and Proportions of Parts 8vo, 

Kerr's Power and Power Transmission. 8vo, 

Lanza's Applied Mechanics 8vo, 

Leonard's Blachine Shop, Tools, and Methods 8vo, 

* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean.) .8vo, 
MacCord's Kinematics; or. Practical Mechanism. 8vo, 

Velocity Diagrams 8vo, 

Maurer's Technical Mechanics. % 8vo, 

Merriman's Mechanics of Materials 8vo, 

* Elements of Mechanics i2mo, 

* Michie's Elements of Analytical Mechanics 8vo, 

Reagan's Locomotives: Simple, Compound, and Electric i2mo, 

Reid's Course in Mechanical Drawing 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 

Richards's Compressed Air i2mo, 

Robinson's Principles of Mechanism 8vo, 

Ryan, Norris, and Hoxie's Electrical Machinery. VoL 1 8vo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Sinclair's Locomotive-engine Running and Management. X2mo, 

Smith's (O.) Press-working of Metals 8vo, 

Smith's (A. W.) Materials of Machines i2mo, 

Smith (A. W.) and Marx's Machine Design 8vo, 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 

Work 8vo, 3 00 

Animal as a Machine and Prime Motor, and tbe Laws of Energetics. 

i2mo, I 00 

Warren's Elements of Machine Construction and Drawing 8vo, 7 50 

Weisbach's Kinematics and Power of Transmission. (Herrmann — Klein. ).8vo, 5 00 

Machinery of Transmission and Governors. (Herrmann — Ellein.).8vo, 5 00 
Wood's Elements of Analytical Mechanics. 8vo, 3 00 

Principles of Elementary Mechanics. X2mo, i 25 

Turbines. 8vo, 2 50 

The World's Cohimbian Exposition of X893 4to. i 00 
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METALLURGY. 



Egleston's Metallurgy of Silver, Gold, and Mercury: 

VoL L Silver 8vo, 7 5o 

VoL II. Gold and Mercury 8vo, 7 50 

** Ilea's Lead-smelting. (Postage 9 cents additional) lamo, 2 50 

Keep's Cast Iron 8vo, 2 50 

Kunhardt's Practice of Ore Dressing in Europe 8vo, i 50 

Le Chatelier's High-temperature Meastirements. (Boudouard — Burgess. )z2mo. 3 00 

Metcalf's SteeL A Manual for Steel-users. lamo, 2 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . . . zamo» 2 50 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8yo, 4 00 

Smith's Materials of Machines zamo, z 00 

Thurston's Materials of Engineering. In Three Parts. 8vo, 8 00 

Part n. Iron and SteeL 8vo, 3 50 

Part m. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 50 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 



MINERALOGY. 



Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 2 50 

Boyd's Resources of Southwest Virginia 8vo, 3 00 

Map of Southwest Virignia Pocket-book form. 2 00 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 4 00 

Chester's Catalogue of Minerals 8vo, paper, z 00 

Cloth, z 25 

Dictionary of the Names of Minerals 8vo, 3 50 

Pana's System of Mineralogy. Large 8vo, half leather, Z2 50 

First Appendix to Dana's New " Sjrstem of Mineralogy." Large 8vo, z 00 

Text-book of Mineralogy 8vo, 4 00 

Minerals and How to Study Them z2mo, z 50 

Catalogue of American Localities of Minerals Large 8vo, z 00 

Manual of Mineralogy and Petrography z2mo, 2 00 

Douglas's Untechnical Addresses on Technical Subjects z2mo, z 00 

Eakle's Mineral Tables. .* 8vo, z 25 

Egleston's Catalogue of Minerals and Sjmonyms 8vo, 2 50 

Hussak's The Determination of Rock-forming Minerals. (Smith.). Small 8vo, 200 

Merrill's Non-metallic Minerals: Their Occurrence and Uses 8vo, 4 00 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper. 50 
Rosenbusch's Microscopical Physiography of the Rock-making Minerals. 

(Iddings.) 8vo, 5 00 

* Tillman's Text-book of Important Minerals and Rocks 8vo, 2 00 



Beard's Ventilation of Mines Z2mo, 3 50 

Boyd's Resources of Southwest Virginia 8vo, 3 00 

Map of Southwest Virginia Pocket-book form 2 00 

Douglas's Untechnical Addresses on Technical Subjects. z2mo. z 00 

* Drinker's Tunneling, Explosive Compounds, and Rock Drills. .4to,hf. mor., 23 00 

Eissler's Modern High Explosives. 8y# 4 00 
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Goodyear's Coal-mines of the Western Coast of the United States xamo, 2 50 

Ihlseng's Manual of Mining 8vo, 5 00 

** Iles's Lead-smelting. (Postage gc. additional.) i2mo, 2 50 

Kimhardt's Practice of Ore Dressing in Europe 8vo, i 50 

O'Driscoll's Notes on the Treatment of Gold Ores. 8vo» 2 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo» 4 00 

* Walke's Lectures on Explosives 8vo, 4 00 

Wilson's Cyanide Processes. x2mo, i 50 

Chlorination Process Z2mo, z 50 

Hydraulic and Placer Mining z2mo» 2 00 

Treatise on Practical and Theoretical Mine Ventilation T2mo, z 25 



SANITARY SCIENCE. 

Bashore's Sanitation ef a Country House i2mo, z 00 

Folwell's Sewerage. (Designing* Construction, and Maintenance.). 8vo, 300 

Water-supply Engineering 8vo, 4 00 

Fowler's Sewage Works Analyses z2mo, 2 00 

Fuertes's Water and Public Health Z2mo, 1 50 

Water-filtration Works Z2mo, 2 50 

Gerhard's Guide to Sanitary House-inspection z6mo» z 00 

Goodrich's Economic Disposal of Town's Refuse Demy 8vo, 3 50 

Hazen's Filtration of Public Water-supplies 8vo, 3 00 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 7 50 

Mason's Water-supply. (Considered principally from a Sanitary Standpoint) 8vo, 4 00 

Examination of Water. (Chemical and BacteriologicaL) z2mo, z 25 

Ogden's Sewer Design Z2mo, 2 00 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis z2mo, z 25 

* Price's Handbook on Sanitation -. z2mo, z 50 

Richards's Cost of Food. A Study in Dietaries z2mo, z 00 

Cost of Living as Modified by Sanitary Science z2mo, z 00 

Cost of Shelter x2mo, z 00 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo, 2 00 

* Richards and Williams's The Dietary Computer 8vo, z 50 

Rideal's Sewage and Bacterial Purification of Sewage 8vo, 3 50 

Turneaure and Russell's Public Water-supplies 8vo, 5 00 

Von Behring's Suppression of Tuberculosis. (Bolduan.) z2mo, z 00 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

Winton's Microscopy of Vegetable Foods 8vo, 7 50 

Woodhull's Notes on Military Hygiene z6mo, z 50 

'" Personal H/giene Z2mo, z 00 



MISCELLANEOUS. 

De Fursac's Manual of Psychiatry. (Rosanoff and Collins.). . . .Large z2mo, 2 50 
Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo, z 50 

Ferrel's Popular Treatise on the Winds 8vo 4 00 

Haines's American Railway Management i2mo, 2 50 

Mott's Fallacy of the Present Theory of Sound i6mo, z 00 

Ricketts's History of Rensselaer Polytechnic Institute, z 824- z 894.. Small 8vo, 3 oc 

Rostoski's Serum Diagnosis. (Bolduan.) < i2mo z 00 

Rotherham's Emphasized New Testament Large 8vo, 2 00 
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Steel's Treatise on the Diseases of the Dog. 8vo, 3 50 

The World's Columbian Exposition off 1893 ' 4to, z 00 

Von Behring's Suppression of Tuberculosis. (Bolduan.) zamo, i 00 

Winslow's Elements of Applied Microscopy i2mo» z 50 

Worcester and Atkinson. Small Hospitals* Establishment and Maintenance; 

Suggestions for Hospital Architecture : Plans for Small Hospital . z amo , z as 



HEBREW AND CHALDEE TEXT-BOOKS. 

Green's Elementary Hebrew Grammar. lamo, i as 

Hebrew Chrestomathy. 8vo, a 00 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to, half morocco, 5 00 

Letteris's Hebrew Bible, Sto, a as 
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